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LETTER  OF  TRANSMITTAL. 


Deparment  of  the  Interior, 
ITnited  States  Geological  Survey, 

Dn^isiON  OF  Hydrography, 
Washingfw},  IX  C'.,  June  20,  1003. 
SIR:  I  have  the  honor  to  transmit  herewith  Water-Supply  Paper 
No.  H4,  which  is  Part  III  of  the  Report  of  Progress  of  Sti*eani  Meas- 
urements for  1002.  This  paper  contains  tlie  data  wliicli  lias  lieen 
received  during  1002  from  that  i)ortion  of  the  territory  west  of  tlie 
Mississippi  River  which  drains  either  into  tlie  Mississippi  River  or 
the  western  Gulf  of  Mexico.  This  paper  will  l)e  followed  by  Water- 
Supply  Paper  No.  >iOy  whicli  will  contain  the  data  from  the  remainder 
of  the  Western  States,  and  will  also  complete  the  Progress  Report  of 
Stream  Measurements  for  1002. 

These  papers  contain,  for  the  various  gaging  stations,  the  original 
data  as  collected  and  the  results o])tained  from  the  discussion  of  these 
data,  also  such  other  information  as  is  of  interest  in  hydrographic 
studies. 

Very  respectfully, 

F.  II.  Newell, 
HijdrtHjrapher  in  Charge, 
lion.  Charles  D.  Walcott, 

DirerUyr  United  SUites  Geologiad  Surrey, 
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PROGRESS   REPORT  OF  STREAM  MEASURE- 
MENTS FOR  THE  CALENDAR  YEAR  1902. 

P-A.KT    III. 


By  F.  II.  Newell. 


INTRODIKrnOX. 

This  paper  contains  the  data  collected  in  llie  territory  whicli  drains 

^rom  the  West  either  into  the  Gulf  of  Mexico  or  the  Mississippi  River, 

and  for  convenience  in  arrangement  the  material  lias  l)«*en  ^rf)iiped 

under  these  two  headings.     This  paper  witli  Water-Supply  Paper  No. 

So  make  up  the  Progress  Report  of  Stream  Meiisurements  for  the  ter- 

I'itory  west  of  the  Mississippi  River.     The  report  for  th(»  t<'rritorv  <»ast 

of  the  Mississippi  River  is  contained  in  W^ater-Supply  Papers  Xos.  «2 

and  8.'{.     The  material  in  each  of  these  papers  consists  of  both  the 

original  data  jus  collected  at  the  varicms  river  stations  and  the  results 

obtained  from  the  discussion  of  these  data;  also  brief  descriptions 

and  facts  regartiing  such  other  subjects  as  are  allied  to  hydrojxraphic 

studies. 

For  convenience  in  arrangement  the  data  under  the  two  main  parts 
of  this  pai)erhave  been  grouped  by  drainage  areas  and  these  have*  been 
arranged  geographically  from  North  to  Soutli. 

In  collecting  hydrographic  data  the  Geological  Survey  has  received 
the  hearty  cooperation  of  various  individuals,  corporations,  and  States, 
as  mentioned  hereafter.  This  cooperat  ion  has  made  i^ossible  the  pub- 
lication of  many  valuable  records  whidi  could  not  otherwis<>  have 
been  obtained. 
A  brief  historical  sketch  of  the  stream  measurements  made  by  the 
j  Geological  Survey  is  published  on  pages  11  to  15  of  Water-Supply 
Paper  No.  75. 

On  figs.  1  and  2  the  full  dots  show  the  relative  location  of  the  stations 
at  which  the  U.  S.  Geological  Survey  is  collecting  hydrographic  data. 
The  section  west  of  the  shaded  line  comprises  those  States  which  are 
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STREAM   MEASITREMKNTS    IN    11K>2,   PART    III. 


[xo.  SI. 


covered  by  the  uational  irrigation  act  of  Juno  17,  11K)2  (Stat.  L.,  vol. 
32,  pp.  388-390),  and  the  cross-lined  areas  show  the  loc»ation  of  the 
irrigation  projects  which  are  now  under  investigation. 
TThe  results  of  the  stream  measurements  made  during  the  past  years 


Pig.  l.—L<Mrati(m  «)f  river  stfttioiw  and  principal  irrigation  projiHts  iu\ve4«'in  half  of  United 


by  the  U.  S.  Geological  Survey  can  be  found  in  the  following  publi- 
cati(ms,  which  may  be  consulted  at  the  public  libraries  in  most  cities: 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131. 

1895.  Bulletin  No.  140. 


IKTBODUCnON. 
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Water-Snpply  Paper  No.  11;  Part  IV'of  the  Eighteenth  Annual  Report. 
Water-Snpply  Papers  Noe.  15  and  16;  Part  IV  of  the  Nineteenth  Annual 

Water-Supply  Papers  Nos.  27  and  28;  Part  IV  of  the  Twentieth  Annual 


Pig.  2.— Location  of  river  Btations  in  ea«tem  lialf  of  Unltwl  StatoM,  ltt)3-;{. 


Water-Supply  Papers  Nos.  35  to  3».  inclusive:  Part  r\^  of  the  Twenty-first 
Report. 

Water-Supply  Papers  Nos.  47  to  52.  inclusive;  Part  IV  of  the  Twenty- 
Annual  Reix)rt. 

Wat«r-Supply  Papers  Nos.  05.  (MJ.  and  75. 

Water-Supply  Papers  Nos.  82  and  85,  inclusive. 
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AC  KNO  WLK  naM  EN  TS. 

Most  of  the  measurements  presented  in  this  paper  liave  l)eon  obtained 
through  local  hydrographei*s  and  engineers.  AcknowUHlgment  is 
due  to  each  of  tliese  persons,  and  thanks  are  extended  to  other  persons 
and  corporations  who  have  assisted  \(k*^\  hydrographers  or  who  liave 
cooperated  in  any  way,  eitlier  by  furnishing  records  or  ])y  assisting  in 
transportation. 

The  following  list,  arranged  alphabetically  by  States,  gives  the 
names  of  the  resident  hydrographers  and  others  who  have  assist^Hl  in 
furnishing  and  preparing  the  data  contained  in  this  report: 

Colorado.— Resident  hydrographer,  A.  L.  Fellows,  assisted  by  M.  C.  Hinder- 
lider.  Acknowledgments  are  also  due  to  the  following  individuals  and  corpora- 
tions for  assistance  rendered  and  data  furnished:  Hon.  A.  J.  McCune,  State  engi- 
neer of  Colorado;  Hon.  J.  J.  Armstrong,  E.  R.  Chew,  and  A.  F.  Reeves,  super- 
intendents of  irrigation;  L.  H.  Dickson  and  T.  J.  Burrows,  water  crommissioiiers; 
also  to  other  water  commissioners  who  have  given  assistance  from  time  to  time. 

Transportation  has  been  furnished  by  the  Denver  and  Rio  Grande,  Atchison. 
Topeka  and  Santa  Fe,  Colorado  and  Southern,  Union  Pacific,  and  Rio  Grande 
Southern  railroads. 

Special  assistance  was  rendered  by  the  officers  of  the  Arkansas  Valley  Beet  and 
Irrigated  Laud  Company,  at  Lamar,  and  C.  A.  Jones,  at  Forks  Creek. 

Kansas, — Resident  hydrographer.  W.  G.  Russell.  Acknowledgments  are  also 
due  to  the  Chicago,  Rock  Island  and  Pacific:  Missouri.  Kansas  and  Texas:  Atchi- 
son, Toi)eka  and  Santa  Fe,  and  Union  Pactific  mil  ways  for  transportation  furnished 
resident  hydrographer  in  Kansas,  Oklahoma,  and  Indian  Territory. 

Montana. — Resident  hydrographer,  J.  S.  Baker,  assisted  by  H.  B.  Waters. 
Acknowledgments  are  also  due  to  Arthur  P.  Stover,  wh)  furnished  the  results  of 
a  number  of  measurements  on  the  West  Gallatin  River,  near  Salesville.  Mont., 
and  on  Middle  Creek,  near  Bozeman.  Mont. 

Nebraska. — Resident  hydrographer,  J.  C.  Stevens.  AcknowledKUients  are  also 
due  to  the  following  individuals  and  coriK)rations  for  assistance  rendered  and 
data  furnished: 

Adna  Dobson.  C.  E.,  State  engineer,  secretary  of  the  State  board  of  irrigation: 
B.  E.  Forbes,  assistant  secretary  State  board  of  irrigation;  H.  ().  Smith,  Lexing- 
ton. Nebr.,  under  secretary  Stiit.  board  of  irrigation:  Rol)ert  H.  Willis,  C.  E.. 
Bridgeport.  Nebr. ,  under  assistant  State  board  of  irrigation.  The  Burlington  and 
Missouri  River,  and  Fremont.  Elkhom  and  Missouri  Valley  Railroad  Companies 
have  also  rendered  valuable  assistance. 

Svw  Me^vk'i). — Acknowledgments  are  duo  to  W.  W.  Follett,  consulting  engineer 
International  (Wat^r)  Boundary  Commission,  for  the  data  at  stiitions  upon  the 
Rio  Gnuide  River  l)oth  in  New  Mexico  and  Texas. 

0A7f///f>///</.— Resident  hydrographer.  W.  G.  Russell. 

Soutlk  />>f/A*o^/.— Resident  hydrographer.  J.  C.  Sttnvns.  assisted  by  Prof.  A.  B. 
Crane,  Brookings,  S.  Dak. 

Ti'.ras. — Resident  hydrograi)her.  Thomas  U.  Taylor. 

Wffom  in  (J. — Resident  hydrographer,  A.J.  Par  shall.  Acknowledgments  are  also 
due  to  the  follo^^ing  individuals  and  cor|)orations  for  assistance  rendered  and 
data  furnished: 

To  H.  G.  Burt,  president  of  Union  Pac^ific  Railroad  Company:  to  G.  W.  Hol- 
drege.  g(^neral  manager  Burlington  and  Mis.souri  River  Railroad  in  NeWaska;  to 
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-ambnll,  president  of  the  Colorado  and  Sonthem  Railway  Couiiiauy:  juid 
e  F.  Bid  well,  general  manager  of  Fremont.  Elkhorn  and  Missmri  Valley 
for  free  transportation  over  their  lines. 

owledgnieiits  are  also  due  trO  John  C  Iloyt,  Cieorge  L.  Warner, 
Jtokes,  and  Frank  II.  Brundage,  for  computations  on  and  the 
iHient  of  data  of  this  report. 

TESTEIIX  MISSI8S11^PI  RIVER  DRAINAGE. 

onvenience  in  arrangement,  the  stations  from  which  tne  Geo- 
Survey  has  obtained  data  during  1002,  and  \yhich  are  located 
jrs  tributary  either  directly  or  indirectly  to  the  Mississippi 
rom  the  West,  have  been  grouped  under  Missouri,  Platte,  Kan- 
kansas,  and  Red  River  drainage  basins.  These  are  arranged 
•eport  in  this  order. 

»n8SOURI   RIVER  I>RAINAGE   RASIN. 

Missouri  River  is  foni^ed  by  the  junction  of  the  Jefferson, 
n,  and  Gallatin  rivers  at  Three  Forks,  Mont.  Of  its  tributa- 
e  Marais  des  Cygnes  River  rises  in  the  eastern  part  of  Kansas, 
ist,  and,  as  Osage  River,  enters  the  Missouri  below  Jefferson 
o.  The  Big  Sioux  River  drains  the  extreme  east(»rn  part  of 
>akota  and  flows  south  into  the  Missouri  at  Sioux  City,  Iowa, 
obrara  River  drains  the  extreme  northern  part  of  Nebraska 
^s  east  into  the  Missouri  at  Niobrara,  Nebr.  The  Yellowstone 
tias  it«  source  in  a  lake  of  the  same  name  in  Yellowstone 
il  Park,  from  which  it  takes  a  general  northeasterly  ccmrse  and 
ito  the  Missouri  near  the  Montana-North  Dakota  lH)un(lar3'. 
icipal  tributaries  are  the  Powder  River,  of  which  Clear  Creek 
ney  Creek  in  Wyoming  are  small  tributaries  near  its  head- 
and  the  Big  Horn,  which  drains  northeastern  Wyoming,  and 
h  the  Shoshone  is  a  tributary.  The  Milk  River  rises  on  the 
in  the  northwestern  jiart  of  Montana,  flows  northeast  into 
k  and  then,  with  a  general  easterly  course,  flows  back  into  Mon- 
nptying  into  the  Missouri  in  the  northeastern  part  of  the  State, 
isselshell  River  rises  in  Meagher  County,  in  soutii  central  Mon- 
ows  east,  then  north  into  the  Missouri,  about  loo  miles  above 
iithof  Milk  River.  The  Marias  River  rises  on  the  divide  in  the 
est-ern  part  of  Montana  and  flows  east  into  the  Missouri.  Two 
le  Creek  is  a  tributary  near  its  headwaters.  West  Crallatin 
the  longest  fork  of  the  Gallatin,  rises  in  Yellowstone  Park  and 
orth  to  its  junction  at  Three  Forks,  Mont.,  with  the  Madison 
Terson  Rivers.  Middle  Creek  is  a  small  tributiiry  of  the  East 
1  River.  The  Madison  River  rises  in  Y(*llowstone  Park  and 
orth  parallel  to  the  West  (Gallatin.     The  Jefferson  River  is 
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formed  by  the  Beaverhead  and  Big  Hole  rivers.  Its  tributaries  drain 
extreme  southwestern  Montana.  The  following  is  a  list  of  the  stations 
in  the  Missouri  River  drainage  basin : 

Marais  des  Cygnes  River  at  Ottawa,  Kans. 

Big  Sioux  River  near  Watertown.  S.  Dak. 

Niobrara  River  at  Niobrara,  Nebr. 

Niobrara  River  at  Valentine,  Nebr. 

Clear  Creek  at  Buffalo,  Wyo. 

Piney  Creek  at  Kearney,  Wyo. 

Shoshone  River  at  Cody,  Wyo. 

Big  Horn  River  near  Thermopolis,  Wyo. 

Yellowstone  River  near  Livingston,  Mont. 

Milk  River  at  Malta,  Mont. 

Milk  River  at  Havre,  Mont. 

Mosselshell  River  at  Shawmnt,  Mont. 

Marias  River  near  Shelby,  Mont. 

Two  Medicine  Creek  at  Mid  vale.  Mont. 

Missouri  River  at  Cascade,  Mont. 

Missouri  River  at  Townsend,  Mont. 

Gallatin  River  at  Liogan,  Mont. 

West  Qallatin  River  near  Salesville,  Mont. 

Middle  Creek  near  Bozeman,  Mont. 

Madison  River  near  Norris,  near  Redbluff ,  Mont. 

Jefferson  River  at  Sappington,  Mont. 

MARAIS  DES   CYGNES  RIVER   AT  OTTAWA,  KANS. 

This  Station  was  established  August  20,  1902,  by  AV.  G.  Russell,  and 
is  located  on  the  highway  bridge  near  the  center  of  the  t<jwn  of 
Ottawa,  Kans.  The  gage  is  of  the  usual  wire  tyiH\  with  the  scale  bar 
graduated  to  feet  and  tenths,  and  spiked  to  the  bridge  ftoor.  The 
initial  i>oint  for  sounding  is  on  tlie  right  bank.  The  channel  both 
above  and  below  the  station  is  straight  and  the  current  quite  swift. 
Both  the  right  and  left  banks  are  high  and  tlie  l)ed  of  the  stream  is 
rocky.     The  gage  is  read  daily  b}'  W.  11.  BlH<;ksl4»n. 

The  following  discharge  measurements  were  made  during  11K)2: 

August  26:  Gage  height,  8.60  feet:  disttharpe,  2,080  »econ<l-feet. 
September  25:  Gage  height,  5.40  feet;  discliarge,  3,390  second-feet. 
November  22:  Gage  height,  2.20  feet;  discharge,  417  second-feet. 
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Iktiiy  gage  height^  in  feet,  of  Marais  (leu  Cygnes  River  at  Ottawa,  Kans, 


Day.       Auk-      Sept.  j 

Oct. 

Nov. 

Dec. 

,     Day. 

,  Ang.  1 

Sept. 

Oct. 

Nov. 

Dec. 

we.   . 

\              \ 

1    i9oe. 

1 

I 

....        13..Tt)   , 

4.00  ' 
2.60  ! 

1.90 
1.90 

2.50 
2.30 

.  1" 

Il« 

1.80 
1.80 

2.20 
2.10 

2.70 
2.40 

2.30 

2 

....       ».15| 

2.20 

W 

....       3.3), 

2.40 

1.90 

2.50 

19 

1.70 

2.10 

2.40 

2.10 

4 

....       2.4f) 

laTO  1 

2.00 

4.70 

20 

1.80 

2.00 

2.30 

4.80 

5 

....       2.jy|l 

2K.25 

2.40 

3.00 

21 

1.80 

2.00 

2.20 

11.  eo 

6 .... 

....       6.301 

22.30  1 

2.40 

2.40 

22 

' 

2.90 

2.(X) 

2.20 

7.60 

• 

....      15.90  1 
....       9.80 

16.20  1 
3.30 

2.20 
2.10 

2.30 
2.20 

23 

7.00 
12.76 

2.00 
2.U) 

2.20 
2.20 

3.50 

8 

,2* 

2.90 

» 

....       2.90: 

2.80  j 

2.00 

2.20 

'26 

7.20 

2.00 

2.40 

2.50 

HI 

....       2.30 

2.00  1 

2.00 

2.20 

j  26 

3.flO 

3.50 

2.00 

2.40 

2.40 

11 

....       2.10' 

2.50 

2.00 

2.10 

1  27 

2.80 

2.70 

l.«) 

2.30 

2.40 

li 

...       2.10  1 

2.40  ' 

1.90 

2.30 

28 

2.50 

2.40 

1.90 

2.20 

2.:« 

13 

....       2.00, 

2.40 

2.00 

2.30 

29 

2.30 

2.21) 

1.90 

2.10 

2.30 

H 

...       2.00 

2.30 

2.00 

2.30 

30 

2.20  i 

4.50 

1.90 

2.10 

2.20 

15 

....       1,90  I 

2.21 

3.70 

2.20 

|81 

7.45 

1.90 

2.20 

16 

....       1.90 

1 

2.a)i 

3.40 

2.20 

1 

BIG  SIOUX  RIVER  NEAR  WATERTOWN,  S.  DAK. 

Big  Sioux  River  rises  in  Grant  County,  S.  Dak.,  alx>ut  30  miles 
north  of  Watertown.  Its  principal  headwaters  drain  lands  consti- 
tuting part  of  the  Sisseton  and  Wabpeton  Indian  Reservation.  Its 
general  course  is  southeast,  and  it  empties  into  Missouri  River  near 
Sioux  City,  Iowa.  The  river  is  of  interest  on  account  of  its  wat«r 
powers,  a  number  of  which  have  been  developed,  principally  at  P'lan- 
dreau,  Dell  Rapids,  and  Sioux  Falls,  S.  Dak.,  and  at  Akron,  Iowa. 

Lake  Poinsett,  which  lies  almost  wholly  in  Hamlin  County,  S.  Dak., 
has  its  outlet  in  Big  Sioux  River  near  Dempster,  a  short  distance 
above  Estelliuo.  Immediately  below  the  outlet  of  the  lak(^  a  dam  has 
been  constructed  on  the  Big  Sioux  to  maintain  the  level  of  the  laki^ 
within  certain  limits. 

The  gaging  station  was  established  by  O.  V.  P.  Stout,  the  gage 
being  put  in  September  15,  1000,  by  George  W.  CarpenU^r,  county 
surveyor  for  Codington  County.  It  is  located  on  the  farm  of  L.  E. 
Spicer,  about  4  miles  above  Watertown.  The  gage  consists  of  an 
inclined  rod  securely  fastened  on  the  right  bank  of  the  stream.  The 
observer  is  L.  E.  Spicer.  During  1902  the  following  discharge  meas- 
urement's were  made  by  A.  B.  Crane. 

May  24;  Gage  height.  1.42  feet:  discharge,  22  sectond-feet. 
Jnly  15:  Gage  height,  0.76  foot;  discharge  2.3  .second -feet. 
November  15:  Gage  height  0.82  foot;  discharge,  2.7  second-feet. 
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Daily  gnge  height,  in  feet,  of  Big  Sioxur  River  at  Watertmrti,  S.  J^ik, 


3. 

4. 

5. 

6. 

I. 

8. 

9- 
10. 
11. 
12. 
13. 
14- 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
2K. 
27. 
28. 
29. 

ai). 

81. 


Day. 
19U2. 


May.     Jtmo. 


1.15 


July. 


1.15   


1.15 


.88 


1.15  :         .85 

1.13 


I 


l.(K)  ; 

.90 
l_ 

,a5  I- 


Aug. 


0. 70 


Sept. 


0. 91 


.70  '. 


.70  1 


.v:.| 


I 


8:j  I      .7:^ 


.83 

.K5 


l.W)    

1.25         1.00  i 
ft-> 


1.15 


.83  ' 
.80 


CVt.        Nov. 


.70  .W         0.70 


.!        .70  I 


.7:)! '. 


.70  !. 


.70  L 
.70  i 


.70  ' 


.70 


..'0    ... 


.1 


..  L  .      .1 

♦»  ( )ljH«.rvation8  diHt^ontinmMl  Novonib?^'  ^  <>ii  a«'<roniit  of  ire. 


.70  ' 


.flO  I 

I 


I 


72  '        .  7S 

73  I       .j;o 


I 


.8(» 


.80 


_   __l I 


.« 


NIOBRARA    RIVER   AT   NIOBRARA,  XEBR. 

This  HlHtioii  WH.S  estHblished  May  11,  11)02,  by  J.  C.  Stevens.  It 
is  loeattjd  at  tho  wooden  highway  brid^jje  J  mile  southwest  of  the 
city  of  Niol)rara.  The  ^age  is  of  the  usual  wire  type,  graduated  to 
feet  and  lialf-tenths.  It  is  read  (biily  by  Miner  Thompson,  who  lives 
near  by.  The  measurements  are  takon  from  the  bridge.  The  initial 
point  of  soundings  i.s  on  the  east  end  of  the  bridge  on  the  upstream 
side.  The  chanm^l  is  straight  for  a  considerable  distan(?e  both  above 
and  below  the  station.  The  banks  are  low,  but  not  liable  to  overflow. 
The  bed  of  the  stream  is  sandy  and  shifting.  Tlu^  main  channel 
seems  to  be  changing  from  the  riglit  to  th(i  left  bank.  Tiie  zero-mark 
uf  the  gage  is  O.S  feet  east  of  the  face  of  th(^  fourth  floor  beam  from 
the  west  end  of  lh(^  bridge.  From  th(^  index  on  the  wire  to  the  bottom 
of  tlie  sash  weight  is  J!)  feet.     When  the  gage  reads  zero  the  water  is 
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feet  below  the  top  of  the  face  plate  on  the  south  pier  at  tlie  west 
■  the  bridge. 


IHsdiarge  nieiumrenienis  of  Niobrara  River  at  Nioltrani,  Nebr. 


Date. 


Hydrographer. 


1902. 


t;21 


J.  C.  Stevens- 

do 

do 

do 


iher28 i do 


I 


Gasre 
bei^t. 


DiAcharge. 


^Wt. 

Sec-feet. 

2.55 

1,637 

2.85 

2,021 

2.00 

1,401 

2.10 

1,106 

1.90 

2,201 

Ditily  gage  height,  in  feet ,  of  Niobrara  River  at  Niobrara^  Nebr, 


Day. 


May.     Jnne.     Jtily.      Ang.      Sept. 


19QS. 


2.5J 

2.57  I 

2.  .57  ' 

2.70 

2.70 

2.75  ; 

2.57 

2.67 

2.80 

2.00 

3.00 

2.90 

2.57 

2.45 

2.50 

2.(iO 
2.55 
2.  .50 
2. 45 


Oct. 


2.80 

2.70 

2.70 

2.60 

2.40 

2.  .50 

2.90 

2.65 

2.50 

2.40 

2.50 

2.95 

2.65 

2.60 

2.40 

2.55 

2.90 

2.60 

2.50 

2.30 

2.70 

2.  CO 

2.60 

2.45 

2.30 

2.60 

2.80 

2.55 

2.45 

2.30 

2.60 

2.70 

2.65 

2.50 

2.25 

2.55 

2.70 

2.55 

2.45 

2.20 

2.70 

2.75 

2.60 

2.40 

2.20 

2.60 

2.67 

2.60 

2.45 

2.20 

2.50 

2.  CO 

2.70 

2.40 

2.10 

2.75 

2.60 

5^.60 

2.:J5 

2.10 

2.60 

2.60 

2.55 

2.40 

2.10 

2.60 

2.&5 

2.50 

2.35 

2.10 

2.60 

2.60 

2.70 

2.30 

2.05 

2.65 

2.60 

2.70 

2.20 

2.00 

2.75 

2.60 

2.75 

2.3^) 

2.10 

2.70 

2.60 

2.80 

2.20 

1.90 

2.65 

2.65 

2.85 

2.20 

1.90 

2.a5 

2.60 

2.75 

2.50 

2.(K) 

2.75 

2.60 

2.70 

2.90 

2.00 

2.80 

2.60 

2.80 

2.80 

1.90 

2.80 

2.55 

2.70 

2.80 

1.90 

2.60 

2.60 

2.60 

2.60 

1.90 

2.60 

2.65 

2.75 

2.60 

1.90 

2.70 

2.75 

2.90 

2.50 

(") 

2.85 

2.70 

2.75 

2.50 

2.70 

2.70 

2.fi5 

2.nO 

2.80 

2.70 

2.60 

2.4;5 

2.75 

2.70 
2.70 

2.  .55 
2.60 

2.40 

«  Obeervations  disfontiniied  October  25,  on  aocount  of  ico. 
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NIOBRARA  RIVER  AT   VALENTINE,  NEBR. 

A  gaging  station  was  established  July  22,  1897,  by  O.  V.  P.  St,oiit, 
and  was  known  as  the  Fort  Niobrara  station.  It  was  about  three- 
puarters  of  a  mile  southwest  from  Fort  Niobrara  and  about  '3  miles 
east  of  Valentine,  Nebr.  The  original  gage  was  an  oak  rod  2  by  4 
inches,  graduated  to  tenths  of  a  foot,  and  fastened  in  a  vertical  posi- 
tion by  lag  screws  to  a  plumb  post  in  the  trestle  bent  which  serves  as 
the  west  pier  of  the  military  bridge  near  Fort  Niobrara.  The  zero  of 
the  gage  was  9.08  feet  below  the  top  of  the  short  cap,  at  the  shoe  of  the 
north  truss  at  the  west  end  of  the  bridge;  it  was  also  8.09  feet  below  the 
top  of  the  north  end  of  the  long  pile  cap,  below  the  cap  above  noted; 
and  also  9.17  feet  lower  than  the  top  of  the  west  side  of  the  iron  cap 
of  the  north  cylinder  of  the  center  pier  of  the  bridge.  This  st-ation 
was  afterwards  discontinued,  but  was  resumed  on  April  26, 1899,  when 
a  rod  was  located  195  feet  downstream  from  the  wagon  bridge  near 
Fort  Niobrara.  The  rod  was  solidly  bedded  on  cross- ties  and  well 
fastened  with  bridge  spikes.  It  was  a  new  3  by  4  inch  oak  rod  10  feet 
long,  and  was  placed  on  the  left  bank  of  the  stream.  Bench  mark  No.  1 
was  the  top  of  a  large  spike  driven  in  the  top  of  a  2  by  4  inch  timber 
which  was  set  4  feet  in  the  ground  and  12  feet  west  of  the  rod,  and  was 
5.63  feet  above  gage  datum.  Bench  mark  No.  2  was  the  top  of  the 
short  cap  at  shoe  of  truss  at  west  end  of  tlie  bridge,  downstream  side, 
and  was  9.98  feet  above  the  zero  of  the  gage.  Bench  mark  No.  3  was 
the  top  of  the  plate  of  the  center  jHcr  of  the  bridge,  downstream  side, 
and  was  10.03  feet  above  gage  datum.  Thomas  Dillon,  mail  carrier 
between  Valentine  and  Fort  Niobrara,  was  the  observer.  On  June  26, 
1901,  it  was  reestablished  at  the  Borman  bridge,  which  is  al>out  3 
miles  upstream  from  the  military  bridge.  The  gage  is  of  the  wire 
and  weight  type,  gage  heights  being  marked  by  staples  on  the  bridge 
rail.     The  zero  of  the  gage  is  12  feet  l>elow  the  top  of  the  bridge  floor. 

Discharge  measurv meats  of  Niobrara  Hirer  at  Valentine,  Nebr. 


I 
Date.  Hydr<>nri*ai)her. 


1902. 

March  22. '  J.  C.  Stevens 

April  12 ..do 

June  15... do 

July  4 .  .do 

July  20 .do 

August  20 - do 

September  26.     do  ... 

November  IIJ do    


Qajfo 
height. 

VtStnibaXffi- 

Feet, 

Hec.-fftt- 

1.66 

9T1 

1.50 

784 

1.30 

5*5 

1.60 

80O 

1.40 

707 

1.40 

6» 

1.5.5 

7^ 

1.60 

-re 

^ 
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Daily  gage  height,  in  feet,  of  Niobrara  River  at  Valentine,  Nebr, 


Day. 

Mar. 

1902. 
1. 

2                   

1 

4 

5                                     

6                     ' 

8 

9 

C*) 

10                 

1.78 

11          

1.80 

12 

1.7B 

13 

l.TO 

14 

1.87 

15         

1.85 

16 

1.40 

17               .... 

i.as 

18              

1.60 

1» 

1.96 

» 

fl 

1.85 
2.U5 

s            

1.66 

& 

1.76 

24 

1.9B 

25                   

1.90 

28 

196 

27 

1.98 

28                         

1.H9 

29    

1.83 

an 

1.97 

81 

1.85 

1.58 
1.61 
1.64 
1.70 
1.68 
1.75 
1.50 
1.58 
1  54 
1.55 
1.44 
1.54 
1.58 
1.60 
1.54 
1.64 
l.?2 
1.68 
1.58 
1.56 
1.47 
1.74 
1.89 
1.53 
1.80 
1.75 
1.54 
1.72 
1.58 
1.65 


May. 


I 


1.63 
1.65 
1.60 
1.58 
1.66 
1.53 
1.47 
1.58 
1.80 
1.54 
1.52 
1.64 
1.67 
1.66 
1.63 
1.4T 
1.52 
1.49 
1.83 
1.78 
1.51 
1.45 
1.51 
1.46 
1.44 
1.42 
1.48 
1.37 
1.40 
1.33 
1.42 


June. 


1.50 
1.42 
1.44 
1.45 
1.64 
1.S5 
1.44 
1.68 
1.42 
1.40 
1.42 
1.60 
1.48 
1.40 
1.28 
1.42 
^1.47 
*1.34 
1.52 
1.47 
1.38 
1.80 
1.32 
1.38 
1.33 
1.34 
1.37 
1.46 
1.95 
2.10 


July.     Ang, 


8.10 
1.95 
1.73 
1.68 
1.58 
1.38 
1.25 
1.90 
1.88 
1.32 
1.32 
1.36 
1.27 
1.32 
1.26 
1.25 
1.28 
1.40 
1.42 
1.40 
1.34 
1.82 
1.37 
1.41 
1.32 
1.38 
1.35 
1.32 
1.34 
1.45 
1.36 


Sept.  I    Oct.    !   Nov. 


1.31 
1.32 
1.38 
1.31 
1.42 
1.38 
1.81 
1.48 
1.48 
1.40 
1.24 
1.20 
1.86 
1.38 
1.39 
1.38 
1.44 

1.37 ; 

1.38 
1.34 
1.45 
1.43 
1.84 
1.48 
1.62 
1.46 
1.31 
1.38 
1.40 
1.48 
1.52 


I 


1.40 
1.88 
1.30 
1.27 
1.28 
1.30 
1.27 
1.41 
1.28 
1.26 
1.33 
1,32 
1.29 
1.37 
1.33 
1.35 
1.34 
1.46 
1.40 
1.48 
1.45 
1.47 
1.33 
1.87 
1.48 
1.50 
1.53 
1.45 
1.57 
1.42 


1.48  I 
1.47  \ 
1.42 
1.44  1 

1.47  I 
1.45! 

1.44  1 

1.45  ' 
1.46, 

1.51  ! 
1.53 

1.65  . 

1.52  j 
1.49 

1.48  ' 

1.66  i 
1.52: 

1.48  I 
1.50 

1.49  , 
1.48  I 
1.51  I 
1.55 

1  50  ' 

1.51  I 
1.56  I 

1.53  ' 

1.52  j 
1.51 
1.54 

1.50  '  . 

I 


1.58 
1.64 
1.53 
1.60 
1.57 
1.55 
1.54 
1.58 
1.54 
1.52 
1.50 
1.66 
1.80 
1.68 
1.56 
1.62 
1.66 
1.61 
1.64 
1.57 
1.50 
1.56 
1.62 
1.53 
1.60 
1.51 
1.56 
1.53 
1.46 
1.48 


Dec. 


1.55 
1.48 
1.16 

\.m 

(«) 


o  Ice  interfered  with  observations  from  January  I  to  March  9  and  from  Deceml>er  6  to  31. 
Rating  tattle  for  Niobrara  River  at  Valentine,  Nehr.,for  190  J. 


I  he^t. 


Fret. 
1.0 
1.1 
1.2 


Discharge.       »{S5 


height. 


Second-feet: 

Feet. 

475 

'          1.3 

490 

1.4 

525 

1.5 

Discharge. 

Second-feet 
580 
655 
750 


hSSTt.  :i>^^-^N  h». 


Feet. 
1.6 
1.7 

1.8 


Second-feet 

865 


J" 


Feet. 
1.9 

1,000  2.0 

1,155 


Dim'harge.  ! 

Second-feet. 
1.330 
1,525 
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Estimated  vnnitUly  diacharge  of  the  yiobrara  Rh^r  at  Valentine,  yebr. 
I  DraiiiaKu  area,  6,070  Hquare  iuih«i.J 


Di»(;har(jre  in  ttecond-fHut. 


Month. 


Maximum. 


Minimum. 
\ 


March,  23  dayH . 

April 

May . 

Jane 

July 

Angnst 

September 

October 

November 


1,155  i 

1,240  • 

1,740  ! 

4,260  ' 

865 

865 

805 

930 


700  ' 
615  ! 
580  ' 
580  I 
525 
550  ' 
655  I 
700  ' 


Mean. 


1,169  I 
896 
802 
740 
805  I 
653  • 
649  I 
745  I 
.     807  ' 


Run-«)(r. 


Total  in 
acpe-foet. 


51,011 
53,310 
49,305 
44,030 
49,490 
40,145 
38,614 
45, 805 
48,015 


SiM;ond-fe<»t 
mile. 


0.19 
.15 
.13 
.12 
.13 
.11 
.11 
.12 
.13 


.1 


Depth  in 
in(*hes. 


0.16 
.17 
.15 
.13 
.15 
.13 
.13 
.14 
.15 


CLEAR  CREEK   AT  BUFFALO,    WYO. 

This  station  was  established  October  24,  1902,  by  Jeremiah  Ahern. 
It  is  located  at  the  highway  bridge  in  the  town  of  Buffalo,  Johnson 
County,  Wyo.  The  gage  is  a  plain  staff  graduated  to  feet  and  tenths, 
spiked  to  the  pier  at  the  northwest  end  of  the  bridge.  The  initial 
point  for  sounding  is  on  the  left  bank.  Measurements  are  made  from 
the  bridge.  The  channel  is  straight  both  above  and  below  the  sta- 
tion. Both  banks  a^'e  high  and  rocky.  The  l>ed  of  the  stream  is  also 
rocky.  The  gage  is  read  daily  by  P.  A.  Gatchell.  The  bench  mark 
is  U.  S.  G.  S.  B.  M.  at  the  court-house,  marked  *'SHER  4(;35."  Ele- 
vation 4,635.033  feet.  The  elevation  of  the  gage  as  determined  from 
this  bench  mark  is  4,005.766  feet. 

Daily  gage  height,  in  feet,  of  Clear  Creek  at  Buffalo,  Wyo. 


Day. 
1902. 

Jnov. 

r 

Dec. 

1 

0.90 

.90  1 
.80 
.«) 
.80 

.90 
.90 

Day. 

i9a>. 

9 

10 

'  Nov. 

1 

Dec. 

1.00 
.80 
.80 
.90 
.90 
.90 
1.10 
1.00 

Day. 

1902. 
'  17 

Nov. 

0.70 
.«8 
.70 
.80 
.70 
.70 
.70 
.80 

Dec. 

l.(X) 

1.00 

.90 

.85 
.90 
.85 
.85 
.85 

2:i 
2«- 
27 

2: 

3* 

'  ::i 

Day. 

Inov.' 
1 

Dec. 

1 

i»:e. 

-.i  0.85 
.-      .90  ' 
..,  1.00 
..,1.00  1 
..    1.20  1 
..'  l.CO  1 

0  80 

« 

'  18.     

19 

20 

21 

22 

2;^ 

24 

80 

8 

11 

75 

4. 

5 

12.       . 
18 

.90 
1.20 
1  30 

ft 

14 

7 

15.   

1  90 

8. 

1 . 
1 

16 

.    O.Si 

1 
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PINEY  CREEK   AT  KEARNEY,  WYO. 

This  station  was  established  September  6,  1902,  by  Jeremiah  Ahem. 
It  is  located  at  the  highway  bridge  at  Kearney,  Johnson  County,  Wyo., 
which  is  on  the  stage  route  between  Sheridan  and  Buffalo,  24  miles 
from  Sheridan.  The  gage  is  a  vertical  staff  graduated  to  feet  and 
tenths  and  spiked  to  the  abutment  of  the  bridge.  It  is  read  daily  by 
R.  1>.  No3'ce.  The  initial  point  for  sounding  is  on  the  right  bank. 
Di.scharge  measurements  ai'e  taken  from  the  bridge.  The  channel  is 
straight  for  600  feet  above  and  200  feet  below  the  station.  The  left 
bank  is  high,  and  liable  to  overflow  at  extreme  high  water.  The  right 
bank  is  high  and  does  not  overflow.  The  bed  of  the  stream  is  gravel. 
The  bench  mark  is  the  U.  S.  G,  S.  bench  mark  at  Geier's  Ranch, 
about  600  feet  from  the  gage.  It  is  marked  ''  SIIER  4GG2."  Eleva- 
tion 4,661.767  feet.  The  elevation  of  the  zero  of  the  gage  as  referred 
to  this  bench  mark  is  4,645.963  feet. 

The  following  discharge  measurement  was  made  in  1902,  by  J. 
Ahern. 

Septemher  6:  Gfige  height,  1.41  feet;  discharge,  21  8e(u>ud-feet. 
Daily  gage  Jieight^  in  feet,  of  Piney  Creek  at  Kearney,  Wyo, 


i>ay. 

{sept. 
I 

Oct.          Day. 

Sept. 

Oct. 

D.r. 

Sept. 

Oct. 

Day. 

Sept. 

Oct. 

iwe. 
1 

i 

1.47   1    8 

1.43 
1.43 
1.43 
1.43 
1.4S 
1.43 
1.43 
1.48 

1.41 
1.40 
1.41 
1.40 
1.80 
1.40 
1.40 
1.40 

IflOg. 
IT 

^' 

19 

20 

21 

22. 

1.48 
1.49 
1.48 
1.47 
1.48 
1.46 
1.45 
1.43 

1.39 

1902. 
25 

1.42       1.44 

t 

3 

4               

1.43''  10 

1.43,1  11 

1.4S  '   12 

1.39  1   r. 

1..38     27 

!.:»  i  2t; 

1..S0  j   %) 

1.40  j   30  

1.47  1 

1.60    

i.4:{  

S 

6 

1.41      14          

1.50 
1.40 

7 

.1  1.45 

1.40     15... 

28 

24 

8 

1.42      16 

ii 

1.40 

SHOSHONE   RIVER  AT   CODY,  WYO. 


This  Station  was  established  April  2G,  1902,  by  A.  J.  Parshall.  It 
is  located  at  the  wagon  bridge  1  mile  northwest  of  Cody,  Wyo.  The 
gage  is  a  plain  staff  graduated  to  one- half  tenths  and  is  fastened  to 
the  bridge,  from  which  discharge  measurements  are  made.  The  ini- 
tial point  for  sounding  is  on  the  left  bank.  The  channel  is  straight 
both  above  and  below  the  station.  The  current  is  swift.  The  right 
bank  is  low  and  subject  to  overflow.  The  left  bank  is  high  and  does 
not  overflow.  The  bed  of  the  stream  is  gravel  and  rock.  The  bench 
mark  is  a  bolt  in  the  bridge  sleeper  1.15  feet  above*  the  12-foot  mark 
on  the  gage.  It  is  indicated  by  a  cross.  The  observer  is  W.  J.  Kis- 
sick,  who  reads  the  gage  twice  daily. 
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During  1902  the  following  discharge  measurements  were  made  by 
A.  J.  Parshall: 

April  26:  Gage  height,  2.40  feet;  discharge,  538  second-feet. 
June  7:  Gage  height,  4.80  feet;  discharge,  4,852  second-feet. 
Jnly  17:  Gage  height,  4.10  feet;  discharge,  2,812  second-feet. 
July  31:  Gage  height,  3.65  feet;  discharge,  2.039  second-feet. 
December  8:  Gage  height,  2.00  feet;  discharge,  270  second-feet. 

Daily  gage  height^  in  feet ^  of  Sfutsftone  Hixfer  at  Cody,  ^^yo. 


Day. 


190e. 


8. 
3. 
4. 

6. 

6. 

7. 

8. 

8. 
10. 
11. 
12. 
18. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 


May.  '  June. 


2.75  I 

8.00 

2.65 

2.60  I 

2.50  I 

2.60  ' 

3.00 

3.55 

4.00 

4.20 

4.40 

4. 15 

4.80 

4.50 

4.90 

4.60 

4.:« 

4.40 
4.10 
3.65 
8.50 
3.50 
3.50 
3.50 
8.60 
3.90 
4.75 
5.25 
5.25 
6.50 
5. 75 


6.50 
5.00 
4.60 
4.60 
5.00 
5.00 
4.  HO 
5.6U 
6.00 
6.00 
6.61) 
6.80 
6.  a) 
6.00 
5.40 
5.00 
5.00 
5.00 
4.70 
4.50 
5.00 
4.90 
5.25 
5.25 
5.25 
5.25 
5.00 
4.85 
4.50 
4.50 


Jaly.  ,  Aag.      Sept.      Oct. 


4.15  I 
4.45 
4.65  I 
4.45  I 
4.00  , 
4.06  ' 
4.00  I 
4.00  I 
4.00  I 
4.05  I 
4.20  I 
4.50  ! 
4.60 
4.45  ] 
4.45 
4.2-> 
4.25 
4.^, 
4.85 
4.00  ' 
4.00  \ 
4. 10  , 
4.10  ' 
4.00 
4.00 

4.00 ; 

4.00  ' 
4.10  ' 
4.20 

4.  a) 

4.(10 


I 
4.00  I 
4.00  I 
4.00  I 


3.45 
8.40 
3.60 
8.46 
8.60 
8.60 
8.15 
8.00 

aoo 

8.00 
8.00 
3.00 
3.00 
8.00 
3.00 
3.00 
8.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
3.00 
8.00 
8.00 
3.00 
2.50 


2.50 
2.60 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.50 
2.60 
2.60 
2.50 
2.50 
2.60 
2.50 
2.50 
2.60 
2.60 
2.50 
2.50 
2.60 
2.60 
2.50 
2.50 
2.60 
2.50 
2.60 
2.60 
2.60 
2.50 


2.90 
160 
190 
290 
2.50 
2.50 
2.50 
2.  SO 
2.50 
2.50 
ISO 
2.30 
150 
IfiO 
150 
160 
150 
150 
160 
150 
160 
150 
150 
150 
150 
150 
160 
160 
150 
150 
160 
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Rating  taiile  for  Shoshone  River  at  Cody,  Wyo.jfor  1902, 


\ 

h^ei^t.     I>i«^l^r^- 

aacre 
height. 

Feet. 

Difirharge. 

Gase 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Fret.       Sfc*miUfeft. 

Second-feet. 

Feet. 

Second-feet: 

Feet. 

Second-feet. 

1      1.5  '               80  ' 

1             1 

2.8 

860 

4.1 

2,920 

5.4 

5,585 

1.6                 70 

2.9 

960 

4.2 

3, 125 

5. 5 

5,790 

1.7  !             110  1 

3.0 

1,070 

4.3 

3,330 

5.6 

5,995 

l.«|             160 

3.1 

1,190 

4.4 

3,535           5.7 

6,200 

■ 

1.9  1             210  ' 

3.2 

1,320 

4.5 

3,740           5.8 

6,405 

2.0  ]             270 

3.3 

1.460 

4.6 

1 

3,945           5.9 

6,610 

1      2.1               3;J5 

3.4 

1,610 

;      4.7 

4,150  ;;        6.0 

6.815 

1      2.2  j             400  1 

3. 5 

1,770 

4.H 

4,355   '        6.1 

7,020 

j      2.3               470 

3.6 

1,940 

4.9 

4,560           6.2 

7, 225 

I         1      2.4               540  ' 

3.7 

2,120 

5.0 

4.765           6.3 

7,430 

i          i      2.5               615', 

3.8 

2,310 

5.1 

4,970           6.4 

7,6;{5 

i      2.6  1             690  ! 

3.9 

2,510 

5.2 

5,175!         6.5 

7,840 

1      2.7  i            770  ■ 

-,               L '_            i 

4.0 

•   2,715 

" 

5.380 

»  ;                  Estimated  monthly  disehnrge  of  Shoshone  River  at  Cody,  Tt 

I/O. 

j  Diflcharge  in  80cond-feet. 


May 

June .... 

July 

AngriHt  .  - 
Septemlier 
October  .. 


Month. 


1902. 


Maximum. 

Minimam. 

Mean. 

Total  in  acre- 
ft»et. 

6,300 

615 

2,752 

168,904 

8,045 

3,740 

5,246 

311,632 

4,045 

2,715 

2, 755 

169,112 

2, 715 

615 

1,346 

82, 762 

615 

615  ; 

615 

37,749 

615 

615 

615 

37,749 

BIGHORN   RIVER  NEAR  THERMOPOLIS,    WYO. 

This  station,  which  was  established  by  A.  J.  Parshall  on  May  28, 
1900,  was  located  about  a  half  mile  northeast  of  Therniopolis,  at  the 
ferry  cro.s8ing  the  river.  The  gage,  which  consists  of  a  horizontal  rod 
extending  out  over  the  wat^^r,  is  fastened  to  a  post  set  firmly  in  the 
hank.  On  the  horizontal  stick  is  attached  the  wire  gage  by  means  of 
which  the  heights  of  the  river  are  recorded.  The  bench  mark  was  the 
head  of  a  nail  in  a  stick  driven  in  the  ground  1  foot  south  of  the  post 
to  which  the  gage  ro<l  is  fastened  and  2.58  feet  l)elow  the  top  of  the 
gage  frame.  The  bench  mark  has  been  destroyed.  A  new  gage,  wliose 
relative  heights  are  the  same  as  thf)se  of  th(»  gage  of  1001,  was  painted 
on  a  pier  on  the  riglit  bank  in  lOo:].     This  gage  is  reached  only  by  the 
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water  when  it  is  at  a  height  of  3  feet  above  datum.  It  will  enable 
the  observer  to  read  heights  of  high  water  more  accurately  than  can 
be  done  upon  the  gage  rod  which  is  in  tlie  center  of  the  stream  and  is 
exposed  to  the  force  of  the  current,  causing  a  rise  and  fall  of  several 
inches  on  the  rod.  Discharge  nie^isurements  were  first  made  from 
a  ferryboat,  but,  beginning  with  1902,  they  have  l>een  made  from  the 
bridge  which  was  recently  erected.  The  channel  is  straight  above  and 
below  the  station.  Both  banks  are  high  and  not  subject  to  overflow. 
The  bed  of  the  stream  is  of  gravel  and  shifts  during  extreme  higb 
water.  In  1901  a  gage  was  painted  upon  one  of  the  lower  piers  of  the 
new  State  bridge  ovc^r  the  river,  4(X)  or  50()  feet  upstream  from  th^ 
former  station.  The  relative  heights  on  tlie  rod  remaine<l  as  before, 
the  same  bench  mark  l)eing  used.  During  1902  the  following  discharge 
measurements  were  made  by  A.  J.  Parshall: 

June  It:  Qage  height.  4.70  feet;  discharge,  9,080  second-feet. 
June  14:  Gage  height.  4.40  feet;  discharge,  8.391  second-feet. 
June  16:  Gage  height.  3.00  feet;  discharge,  6..S34  second-feet. 


Daily  gage  height,  iti  feet,  of  Bighctrn  River  near  nermopiiliH,  Wyo. 


l>tLy. 


June.  I  July.      Auk-   ,   Sept. 


1. 
2- 
8. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

n. 

12. 
18. 
14. 
15. 
16. 


mvt. 


I 


2.4<) 
2.00 
2.70 
2.70 
2.a) 
2.40 
3.40 
3.70 
4.20 
4.20 
4.70 
5.00 
4.00 
4.40 
4.00 
3.00 


2.80  , 
2.  HO  ' 
2.70  I 
2.00  I 
2.50 
2..'«> 
2.10 
2.00  I 
2.00  ' 
l.flO  i 

1.80 ; 

1.80 
1.70 
1.70 
1.00 


I 


2.70  I 
2.00  [ 
2.00 
2.00  I 
2.60 
2.50  . 
2.40  > 

2.:« 

2.30  I 
2.20 
2.30 
2.30 
2.30 
2.20 
2.10 
1.50  I      2.10 


21. 
22- 
23. 
24. 


0.90  I  17. 
.80  il  18. 
.80  11  19. 

.80   '  20. 

ii 
.70 

.70 

.00 

.00 

.90 
1.0)  \ 
1.20 

1.00 : 

.90  I 
.80  ' 
.80  I 
.70  i 


2rt.. 

27.. 

28.. 

29. 

3f). 

31. 


Day. 


1902. 


June.  1 

July. 

Ants. 

Sept. 

■   -      - 

—  - 

" 

3.40  i 

1.50 

2. 10 

o.rc 

3. 40  1 

1.50 

2.10 

.0^ 

3.30  , 

\.m 

2.00 

.m 

2.90 

1.40 

1.90 

.«^ 

.i.m 

1.40 

1.80 

.Oi^ 

2.50 

1.40 

1.70 

.Mjr 

2.40 

i.:*» 

l.OO 

.»» 

2.:«> 

1.30 

1.00 

1.(0 

2.20 

1.40 

1.50 

1.00 

2.. 'JO  ' 

2.50 

1.4<) 

.«! 

2.20 

3.00 

1.20 

.90 

2. 10 

3.00 

1.10 

.W 

2.:»)  1 

3.00 

l.(K» 

.9) 

2.40 

2.90 

.90  , 

.r^ 

2.80 

.90 

YELLOWSTONE   RIVER  NEAR   LIVINGSTON,    MONT. 

The  gaging  station  is  located  at  the  liigliway  bridge  over  tlie  Yel- 
lowstone River,  5  miles  south  of  Livingston,  Mont.,  at  the  mouth  of 
the  (*anyon.  It  was  establislied  May  2,  1897,  a  vertical  rod  fastened 
to  the  face  of  the  pier  being  first  used.  A  wire  gage  was  afterwaixl* 
established.  Length  of  cable  18.30  feet;  pulley  distance,  0.58  foot. 
The  bench  mark  is  the  head  of  the  2-inch  nut.  on  the  ('enter  pin  at  the 
foot  of  the  end  diagonal  of  the  truss,  east  pier,  upper  side,  and  is 
13.44  feet  above  datum. 
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A  new  bench  mark  was  determined  in  1800.  It  was  the  Uip  of  tlie 
end  plate  of  the  bridge  at  the  upper  side  of  the  east  end,  at  an  eleva- 
tion of  14.20  feet  above  zero  of  gage.  On  January  1,  1903,  the  gage 
(and  the  datum)  were  lowered  3.00  feet,  making  all  subsequent  readings 
U  feet  greater.  The  elevation  of  bench  mark  also  reads  17.20  feet, 
instead  of  14.20  feet.  The  slope  of  the  water  surface  at  the  gaging 
station  was  found  to  l)e  0. 14G  feet  in  200  feet  on  August  20,  1800.  The 
left  bank  is  high  and  will  not  overflow.  The  right  bank  is  low,  and 
during  floods  a  part  of  the  water  escapes  through  a  slough  on  that 
side,  and  has  to  be  measured  separately.  The  observer  is  Thomas  S. 
Carter,  rancher. 

During  1902  the  following  discharge  measurements  were  made  by 
H.  B.  Waters: 

May  1:  Gage  height.  -0.82  foot;  discharge,  1,604  set-ond-feet. 
July  16:  Gage  height.  2.90  feet;  diwharge,  8,859  seconrl-feet. 
Angnst  23:  Gage  height.  0.28  foot:  discharge,  8,081  second-feet. 

Dttily  gage  funght,  in  feet^  of  VellowHtone  Rit^er  near  LivingHtt>u,  Mont, 


Day. 


Jan.      Feb.  \  Mar.    Apr. 


IWti. 


I 


May.  '  June. 


-1.8f» 
-1.:*) 
-1.00 
-  .90 
~IAX) 
-I.IO 


7 1  -1.(10 

« 1  -1.00 


10. 

11 

12. 

13. 

14. 

15    . 

16... 

17... 

18... 

21... 
«... 

a... 

fi... 
«... 


».. 
30. 
31. 


-1.00 
-1.00 
-1.10 

(«) 
-1.30 

-i.;« 

-1.20 
-1.30 
-1.30 
-1.10 
-1.15 

-La) 

-1.30 
-1.20 
-LoO 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 
'-1.00 


L 


<») 

l.flO 

1.50 

1.40 

1.40 

1.40 

1.40 

(") 

1.20 

1.10 

1.10 

1.10 

1.20 

1.20 

l.r» 

.«0 
1.00 
1.00 

i.ao 

1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 
1.20 


-1.20 

-1.15    - 

1.20 
-1.20 
-1.25 
-1.20 
-1.20 
-1.30 
-1.^ 
-1.20 
-1.20 
-1.20 
-1.20 

-1.30 
-1.25 
-1.20 
-1.20 
-1.20 
-1.20 
-1.20 
-1.20 
-1.20 
-1.20 
-l.£0 
-1.20 
-1.15 
-1.16 
-1.20 
-1.86 
-1.86 
-l.:jo 


1.20 
1.15 
1.16 
1.15 
1.15 
1.10 
1.10 
1.10 
1.15 
1.15 
1.12 
1.12 
1.15 
1.15 
1.15 
1.10 
1.05 
.85 
.80 
.86 

.eo 

.90 
.00 
.70 
.80 
.90 
.90 
.90 
.85 
.HO 


-0.75 

-  .80  ■ 

-  .80  I 

-  .80 

-  .75  ; 

-  .75 

-  45 
-  .  16 

.75 
1.38 
1.78 
1.98 
2.70 
3.03 
3.C5 
3.28 
:135 
2.88 
2.43 
1.93 
1.78 
1.60 
1.4:^ 
1.55 
2.13 
2.68 
3.58 
4.25 
4.55 
5. 10 
5.40 


5.15 
4.20 
3.70 
3.60 
3.90 
3.90 
3.90 
4.25 
6.20 
5.90 
6.05 
5.80 
6.60 
5.86 
4.65 
4.:« 
4.07 
4.00 
3.^5 
8.67 
3.77 
3.90 

4.a-> 

4.13 
4.00 
4.(» 
3.85 
3.90 
3.55 
3.fl(J 


July.  I  Aug.    Sept.     ()<-t.     Nov.     Det' 


3.50 
3.50 
3.77 
3.57 
3.50 
3.30 
3.20 
3.06 
2.93 
2.90 
2.90 
2.97 
3.00 
3.()l> 
2.90 
2  80 
2.77 
2.622 
2.45 

2.;r> 

2.28 
2.20 
2. 15 
2.10 
2.(« 
1.02 
\.m 
1.75 
1.70 
1.62 


1.52 

1.42  ' 

1.32 

1.20 

1.15 

1.05 

1.00 
.05 
.90 
.85 
.80 
.80 
.80 


.70 
.70 
.70 

.m 

M) 
.40 

Si 
.30 
.2;"> 
.20 
.15 
.10 
.05 
.IN) 

(N) 


(1.05 

-  .10 

-  .1() 
.15 

-  .20 

-  .20 

-  .25 

-  .25 

-  .:*) 

-  .:«) 

-  .:^) 

.40 
.45 

-  .45 

-  .50 
.5J) 
.50 
.50 
.50 
.55 

-  55 

-  .60 

-  .60 

-  .60 

-  .60 

-  .65 
.(55 
.05 
.(« 
.(;'> 


-0.ft5  : 

-  .70J 

-  .  70  ' 
.70 

-  .75 


-  .80 
--   .80 

-  .8.) 

-  .80 
.80 

-  85 

-  .85 

-  .90 

-  .90 
.90 

-  .115 

-  .95 

-  .95 

-  .95 
.-l.OO 
-1.00 
-1.00 
-l.(X) 
-1.00 

1.00 
l.(X) 
1.00 
1.05 


1.05 

i.(r) 

-1.10 
-1.10 
-1.25 

-i.:«) 

-1.20 

1.06 

1.05 

l.(»5 

1.00 

1.00 

1  00 

-1.00 

-1.05 

-1.10 

-1.10 

-1.10 

-1.15 

-1.15 

-1.25 

-1.35 

-l.:«) 

-1.25 

-1.20 

-l.:«) 
i.:{5 
l.:i5 
l.:r. 

1.45 


r 


-  1. 30 

l.:io 

1.4() 
-1.40 

1.31) 
-1.40 

-  1.60 

-i.:jo 
-l.:jo 

1.40 
1.40 

-i.:)0 
(") 

l.(SO 

-1.70 

1.60 

-  \.m 

-1.50 
-1.40 
-1.40 
-1.40 

-I.:*) 

-1.40 
-1.20 
-1.10 

-i.:jo 
(") 

1.50 
1.50 

-  1.50 


«« Biver  frozen  at  K^*^* 
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Rating  table  for  YellowHtone  Rix^er  near  Livingston,  Mont,,,  for  lUitS, 


Gage 
height. 


Feet. 

-1.6 

-1.4 

-1.2 

-1.0 

-  .8 

-  .6 

-  .4 

-  .2 
.0 


Discharge. 
Second-feet. 

1  height. 

1 

'      Feet. 

1.000 

1        0.4 

1,185 

.6 

1,280 

1.0 

1,440 

1,640 

1        1.2 

1,825 

1        ^'^ 

2,070 

1.6 

2,350 

,        1.8 

2,680 

2.0 

3,050 

2.2 

Discharge. 
Setttnd-feet.- 

3,445  i| 

3.840  1 

4.225  ■] 

4,620  I 

5,010  I 

5,395  i 

5,790  I 

6,195  I 
6.590 
6,985 


Ga 
helg 


Feet. 

2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 

4.0 : 

4.2  ' 


Discharge.;   ^^^    '  Dtecharge. 


Second-feet. 

7,375 

7, 765 

H.  155 

8,545 

8,950 

9,350 

9,750 

10,150 

10,550 

10, 950 


Feet. 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 


Second-feet. 
11,. 350 

11,750 
12,150 
12,550 
12,950 
13,350 
13,750 
14, 150 
14,550 
14,950 


Estimated  monthly  diHcharge  of  Yellowstone  River  near  LiiHugston,  Mont, 
[Drainage  area,  :i5H()  wiuare  miles.] 


Month. 


1902. 

January  

February  .   ... 

March 

April 

May 

June -  - 

July 

August 

September 

October 

November 

December ...   . 

The  year 


Diflchargo  in  8e<'ond-feot. 


Run-oflf. 


Maximum.    Minimum. 

I 

I 

I 
1 
I 


Moan 


Total  in 
a<'re-fe«»t. 


Second-feet'  tv»«*i,  in 


1.550 

1,550 

1,317 

2, 137 

13.350 

14, 650 

10,050 

5. 590 

2,592 

1,770 

1,440 

1,355 


14.650 


1,242 

76, 368 

r 

0.35 

0.40 

1,254 

69.644 

.35  ' 

.3« 

1,268 

77.966  1 

.  35 

.40 

1,479 

8,S.007  ' 

.41  , 

.46 

1     6,392 

393.029  1 

1.79  i 

2.06 

1  11.230 

668.231  , 

3.14 

3.r)0 

7.899 

485, 691 

2.21 

2.55 

'     3,974 

244, 352 

1.11 

1.38 

2,053 

122, 162 

.57 

.64 

1,564 

96. 167 

.44  , 

.51 

1.309 

77.891 

.37; 

.41 

1     1,129 

69,420 

.32 

.37 

1,000  1 
1,0(M) 
1,170 
1,280 
1.640 
9.650 
5. 790 
2,680 
1.770 
1,397 
1,135 
960 

960   3,402  2,468,028 


12.94 


1 


MILK   RIVER  AT  MALTA,  MONT. 

This  Station  was  established  July  31,  1!)02,  by  C.  T.  Prall.  It  is 
located  at  the  highway  bridge  on  the  main  road  one-fourtli  mile 
east  of  Malta,  Mont.  The  gage  is  of  the  usual  wire  type,  with 
tlie  scaleboard  graduated  to  feet  and  tentlis  and  nailed  to  the  lower 
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the  bridge.  The  length  of  the  gage  wire  from  the  pointer 
end  of  the  weight  is  28.7  feet.  The  distance  from  tlie  zero 
•rod  to  the  outside  edge  of  the  pulley  is  0.5  of  a  foot.  The 
8  read  twice  daily  by  H.  Caselberg.  The  initial  point  for 
ng  is  oh  the  right  bank.  The  channel  is  straight  for  700  feet 
the  .station  and  250  feet  below  the  station.  The  banks  are  npt 
bo  overflow.  The  bed  of  the  stream  is  rocky  and  sandy.  The 
mark  is  a  20-penny  wire  nail  driven  just  l)elow  the  gage  rod 
kge  reading  of  5  feet. 

Discharge  measurements  of  Milk  River  at  Malta,  Mont. 


Date. 

Hydrographer. 

Qaire 
height. 

1902. 

C.T.Prall 

Feet. 
2.50 

21 

do 

1.80 

ber  10 

-do 

1.40 

ber  25 

F.  E.  Weymouth 

1   fiO 

•6                  .... 

John  T.  Whistler                               1 .  HT^ 

•11             

F.  E/  Weymouth - 

1.65 

•17 

Cyrus  C.Babb 

John  T.  Whistler 

George  Drummond      

1.67 

•24      

1.60 

•31  .   ..   

1.70 

ber  7 

John  T .  Whistler 

1.70 

I  Diflcharffe. 

Second-feet. 

t  525 

I  259 

I  166 

165 

271 

198 

174 

171 

257 

210 


Daily  gage  height,  in  feet,  of  Milk  River  at  Malta,  Mont 

Day. 


Aug. 


Sept.       Oct. 


2.30 

1.80 

2.40 

1.70 

2.30 

1.70 

2.20 

1.70 

2.10 

1.70 

2.10 

1.70 

2.10 

1.70 

2.10 

l.flO 

2.10 

1.50 

2.00 

\.m 

1.95 

1.50 

1.90 

1.40 

1.90 

i.:«) 

1.90 

1.:*) 

1.90 

1.30 

1.70 

1.30 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
l.HO 
1.80 
l.flO 
l.ttO 
1.00 
l.iSO 
l.tiO 


Nov. 


l.flO 
1.00 

i.eo 

1.60 
1.60 
l.flf) 
l.«0 
1.70 


1902. 


17.. 

!!  18.. 
II 
19.. 

"  20.. 

j|  ^•■ 
II  22.. 

,  23.. 

II  =M.. 

25. 
.;  26.. 
-I   27.. 

28.. 
.  I  29. 

.    :w- 
.    31 . 


Aug.      Sept. 


1.70 
1.80 
1.80 
1.70 
1.70 
1.80 
1.70 
l.MO 
1.80 
1.80 
1.80 
1.70 
1.70 
1.70 
1.7() 


1.30 
1.30 

i.;io 

1.30 
1.30 
1.3f) 

l.:«) 
l.:i[) 

1.30 
1.40 
1.4<) 

l.:«) 
i.a) 


Oiit.       Nov. 


l.flO 
1.00 
l.flO 
l.flO 
1.00 
1.60 

i.tto 

l.ttO 
1.60 
1.00 

LOO  ; 

1.60 
1.00 
1.00 

i.eo 
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Riiting  table  for  Milk  Rwer  at  Malta,  Mont.,  for  1902, 


[NO.  M. 


heigM. 

1 
DiflcharKtv 

Hec<ma-feet)] 

ht^ight. 
Veet. 

Dl8f:hargo. 
Seatiul-feet. 

height. 
Feet. 

Discharge. 

_     _   _ 

Sertmd-feet. 

Gftfi^ 
height. 

1 
Dii«h«rKe. 

Feet. 

Feet. 

Serttnd'ftft. 

.       0.0 

32    j: 

2.4 

485 

4.2 

1,187 

1        CO 

1,889   1 

0.8 

47 

2.0 

503  1 

4.4 

1,20.5 

'        0.2 

1,967. 

1.0 

08  1 

9.8 

041 

4.0 

1,343 

'        0.4 

2,04') 

1.2 

93  |! 

3.0 

719 

4.8 

1,421 

0.0 

1        0.8 

2,123  , 

1.4 

127  ,1 

3.2 

797 

5.0 

1,499 

2,201    1 

1.0 

178   i 

3.4 

875 

5.2 

1,577 

7.0 

2.279 

1.8 

251    1 

3.0 

953 

5.4 

1,055 

2.0 

329 

3.8 

1,031 

5.0 

1,733 

2.2 

407  1 

il 

4.0 

1.109 

5.8 

1,811 

Kntimated  monthly  diacharge  of  Milk  River  at  Malta,  Mont. 
[Drainage  area,  6,744  wiuare  miles.] 

Discharge  in  second-feet.  Run-oflf. 


Month. 


Maximnm.    Minimum,  i    Mean. 


Total  in     j  i 

aore-fe<»t.      Second-feet  rv>«*K  \n 


1902. 

1 

1 

' 

AuKiist 

485 

212 

294  I 

18.050 

0.04 

O.OJ 

8epteml)er 

251 

109 

143 

8,509 

.02 

.0: 

October       ... 

251 

173 

189 

11,020 

.03 

.0 

Noveml)pr  1  t^)  8  .   . 

178  ! 

2,822 

.03 

.0 

MILK   RIVER   AT   HAVRE,  MONT.     • 

The  present  station  is  located  at  Havre,  Mont.,  and  was  establish^ 
by  (^ynis  C.  Habb,  May  15,  1808.  Measurements  of  discharge  ar 
made  from  a  car  and  cable  of  200-foot  span  swung  across  the  river 
short  distance  above  the  gage.  The  river  is  subject  to  violent  flooil 
of  short  duration,  and  the  bed  of  the  river  being  composed  of  gravel 
and  clay  is  liabh*  to  change  after  each  freshet. 


MISSOURI    KIVEB    DRAINAGE    BASIN.  2U 

Dischanje  meivtnrementH  of  Milk  Rit^er  at  Havre,  Mont. 


Dat«*. 


Hydr<»yr»pher. 


1902. 


8.. 

26 

30. 


J.  S.  Baker 

L.  H.  Ling. 

do 

do 

do 

do 

do 

-  .-do  

do  .   .  . 

do 

do 

..     do 


ber  11 do 

ber  17 -do 

ber  28- .-.    do 

ber  30 do  ... 

0 do 

16.. do 

29 ' do 

)er  4  . . .    I  L.  V.  Branch 


ht'Snt. 


r>iwhar{c<*. 


Ft'et.       Hrntnd- 
3. 50 
3. 10 
4.00 

4.90  1 

7. 35 
8.88 

(S.m 

7.(M) 

4.  ;o 

4.10 
4.20 
3.90 
3.60 
3.H<) 
3.90 
4.00 
3. 90 
3.  IM) 
3.90 
3. 77 


■ffrt. 

249 
214 
:J62 
,013 
,  3«W 
,179 
,503 

573 
3«7 
427 
269 
192 
240 
226 
229 
206 
20H 
2<N( 
205 
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Daily  gage  height,  in  feet,  of  Milk  River  at  Hain'e,  Mont. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jime. 

July. 

AuK. 

4.70 
4.60 
4.30 
4.20 
4.20 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.10 
4.00 
4.00 
4.00 
4.(» 
4.00 
4.(K) 
4.(NI 
3.90 
3.90 
4.00 
4.»» 
4.10 
4.01) 
4.00 

a.«) 

3.«» 

Sept. 

3.90 
3.90 
3.90 
3.80 
3.80 
3.80 
3.80 
3.80 
3.80 
3.60 
3.60 
3.60 
3.60 
3.60 
3.60 
3.80 
3.80 
3.70 
8.60 
3.60 
3.60 
8.8(» 
3.90 
3.90 
4.00 
4.00 
3.90 
3.90 
3W 
4.00 

Oct. 

4.(K> 
3.90 
3.90 
3.90 
3.90 
3.90 
a90 
8.90 
3.80 
3.80 
3.80 
3.90 
8.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
a  90 
a  90 

a  90 

3.90 

ami 
a«) 

3.90 

No> 

1902. 
1 

1 

4.20 
4.20 
4.20 
4.00 
8.90 
3.40 
3.20 
8.20 
8.20 
8.60 
4.30 
4.00 
3.40 
3.20 
8.20 
8.20 
8.20 
3.20 
3.20 
3.20 
8.20 
3.20 
3.20 
3.40 
8.60 
3.60 
3.60 
3.50 
3.20 
2.90 
2.90 

2.80 
2.80 
2.80 
3.60 
8.50 
8.40 
3.10 
3.10 
8.10 
3.10 
3.60* 
8.70 
8.70 
3.60 
3.60 
3.50 
3.80 
3.20 
8.10 
8.00 
*.«0 
2.9r) 
3.00 
3.00 
3.00 
3.  (JO 
2.90 
2.90 
2.90 
3.  (JO 

8.10 
8.20 
3.20 
8.10 
3.10 
3.00 
8.00 
3.00 
3.10 
3.10 
8.20 
8.20 
8.20 
3.20 
8.20 
8.30 
8.40 
4.00 
4.00 
4.10 
4.10 
6.10 
7.80 
10.50 
11.00 
7.30 
6.60 
5.60 
6.00 
4.rjO 
4.50 

4.80 
4.80 
6.40 
7.40 
8.40 
8.00 
8.00 
6.00 
6.50 
6.40 
6.20 
6.00 
6.00 
4.90 
4.80 
5.20 
6.20 
6.20 
6.20 
6.20 
6.20 
5.20 
6.10 
6.10 
5.00 
4.90 
4.80 
4.80 
4.60 
4.(10 

4.60 
4.60 
6.00 
6.50 
7.50 
8.00 
12.10 
10.50 
8.00 
7.00 
6.40 
6.00 
6.20 
6.20 
6.00 
6.00 
5.50 
5.20 
5.00 
6.20 
5.20 
6.00 
6.20 
6.20 
5.20 
6.00 
4.90 
4.90 
4.80 
4.70 
4.70 

aft 

2                       '  

4.0 

3 i 

4.0 

4 ' (a) 

6                        ' 

aw 

3.M 

6 ' 

3  81 

7 1 

asi 

8                        ...J...... 

("t 

9   

a3.fl0  1 

10 

11 

12 

j 

18 

cO 

14 

i 

16    

K") 

16 

17 

18 

a3.00 

3.80 
3.60 
a30 
3.80 
3.10 
3.10 
3.10 
3.10 
3.40 
3.40 

('»• 

19 

20 

21 

22 

23                        

(♦11 

«; :.  .:....:j.- .. 

25 

"8.00 

26. 

27 1 

28 

(«ll 

29                       '  ...  . 

80 «8.00 

81 

Ga«« 
height. 

Feet. 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 


a  Frozen  at  gage. 

Rating  table  for  Milk  River  at  Havre,  Mont.,  for  J'JOJ. 

FROM  JANUARY  1  TO  MAY  22. 

Discharge.!    ^^^,    |  Di«rharge.  |    ^%f,    I  Diacharge.      ,^^^,    '.  Dinc-b 


I 


Second-feet. 
145 
161  I 
180 
200  I 
222 
250 
288 
335 
412 
519 
630 
800 


Feet. 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 


Second-feet  J 
989 

1,178  I 

1,368  I 
1 ,  557 

1,746  : 

1,935  I 

2,124  I 

2,314  j 

2,503  I 

2,738  I 
2,973 

3,207  I 


Feet. 
7.4 

7.6 

7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 


Second-feet . 

3,442 
3,677 
3.912 
4,147 
4,;581 
4.616 
4,851 
5, 086 
5,320 
5, 555 
5,  790 
6,025 


Feet. 
9.8 
10.  0 
10.2 
10.4 
10.6 
10.8 
11.0 
11.5 
12.0 
12.5 


Sfcon 

6. 

I       6, 

6, 


8, 
9, 
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Rating  table  for  Milk  Rix>er  at  Havre,  Mont.,  for  1902 — Continued. 
PROM  MAY  23  TO  DECEMBER  31.  «• 


height.   I  I^-^-rKH. 


Ktret. 
2.6 

2.8 


I     Gage 
height. 


Set-oiui-feet  .\      Feet. 

100  J!         3.0 
109   i        3.2 


Di«.harge.  I    ^^^^^ 


Seetnid'feet .  \       Feet. 
122  :  3.4 

138  3.6 


DischarKe. 

Ga«e 
height. 

Discharge. 

Seamd-feet. 

Feet 

Seciftid-feet. 

157 

3.8 

212 

180 

4.0 

300 

«  Above  4  feet  the  table  is  the  same  an  for  the  fore  jiart  of  the  year. 

Estimated  motithly  diseharge  of  Milk  River  at  Havre,  Mont, 
[Drainage  area  7,3()0  sciuare  miles.] 


L 


Discharge  in  8«»cond-feet. 


Run-off. 


Mouth. 


1902. 


Maximum.    Minimum. 


January  . . 
Febrnar}'  . 

March 

April     . .   _ 

May     

June  -    . 

July 

August  .- 
September 
October . . . 
Noveml)er 
December 


180 


180 


465 

268 

7,668 

4,616 

8,960 

710 

335 

335 


The  year . 


8, 960 


170 
161 
180 
465 
630 
310 
250 
288 


Mean. 


180 

«208 

249 

196 

i,oa5 

1,479 

2.045 

377 

297 

309 

«300 

"300 


Total  in 
acre-feet. 


Sec;ond-feet 
mile. 


per square 
nil 


11,068 
11,552 
15.310 
11,663 
66,714 
88,007  I 
125,742 
23, 181 
17,673 
18, 999 
17,851 
18,466 


Depth  in 
inches. 


-lo  I 


0.02 
.03 
.03 
.03 
.15 
.20  ' 
.28 
.05 
.04 
.04 
.04 
.04 


0.02 
.03 

.0;^ 

.03 
.17 
.22 
.32 
.06 
.04 
.04 
.04 
.04 


161   I         586  :      426,226 

''  i 


.08 


1.04 


<' Frozen;  eHtimate<l. 


MUSSELSHELL   RIVER  AT   SHAWMl  T,  MONT. 

This  station  was  established  Auji:ust  12,  1902,  by  S.  B.  Dobbins.  It 
is  located  about  200  yards  west  of  Shawmut  post-office,  which  is  at 
the  home  ranch  of  the  Blooming  Land  and  Cattle  Company.  The 
gage  is  a  vertical  pole,  graduated  to  feet  and  tenths,  and  nailed  to  a 
stump  which  overhangs  the  river.  The  observer  is  D  wight  Crawford, 
who  reads  the  gage  daily.  No  l>eneh  marks  have  been  established. 
The  barometric  elevation  at  this  station  is  3,900  feet. 
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[NO. 


Lkjily  gage  height,  in  feet,  of  AIvHselahell  River  at  Shatrmut,  Mont. 
Day.        Aug.   [  Sept.      (Kt.       Nov.      DtM-.     ,     Day. 


\9ft. 


^                         ! 

3   

4 ■ 

5 

« 

7 

8        ....  -     - 

9    

10 

11    .     .                  J 

12 

o.m ! 

1« 

.50' 

14 

.a), 

16 

.60 

16 

.00 

o.a) 
.«o  . 
.«o 

.00 

.00 

.50 

.50 

.50 

.50 

.70 

.70 

.70  , 

.70 

.70  1 

.70  I 

.70  1 


l.(J0 
1.00 
1. 00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 


1.10 

1.10  , 

1.10 

1.20  I 

1.00 

1.80 

1.10 

i.ao 
i.ao 

1.20 
1.3) 
1.30 
1.30 

i.aj) 

1.20 
1.20 


1.10 
1.10 
1.10 
1.10 
1.20 
1.20 
1.20 
1.20 


1902. 
17 

1« 

19 

20 

21 

22 

2:^ 

24 


27. 
28. 


1.20   i  25 
1.21)   i  26 
1.30 
1.20 
1.20  ji 
1.20  ' 
1.20  " 

1.20  il 

I 


Aug.      Sept.  I    Ck-t.    I  Not.     I>^ 


0.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.00 
.00 
.80 
.70 
.00 
.00 
.00 


0.7I»  , 
.70 
.70  . 
.80  ; 
.70, 
.70 
.70 
.70 
.70 
.70 

.70 ; 

.80  ■ 
.90 

.90 

I 


1.10 

1.10  ' 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

I.IO 

1.10  I 

1.10 

1.30 

1.20* 


1.20 
1.21) 
1.10 
1.10 
1.00 
l.(U 
1.10 

i.ai) 

1.30 
1.3[> 
1.2I» 
1.20 
1.30 
1.10 


MARIAS   RIVER   NEAR  SHELBY,  MONT. 

This  station  was  established  April  4,  1902,  by  J.  S.  Baker.  1 
located  on  the  highway  bridge  7  miles  south  of  Shelby,  Mont.  ' 
gage  is  of  the  usual  wire  t^^pe.  The  scaleboard  is  spiked  to  the  do 
stream  face  of  the  bridge  and  is  graduated  to  feet  and  tenths.  1 
read  daily  by  William  Mead,  who  lives  about  one-half  mile  south\ 
of  the  gage.  The  right  bank  is  low  and  liable  to  overflow.  The 
bank  is  high  and  confined  by  a  row  of  piles  and  a  plank  wall.  ' 
bed  of  the  stream  is  composed  of  sand  and  gravel.  Al)ove  thesta 
the  channel  is  curved.  Below  the  station  it  is  straight.  The  ini 
point  for  sounding  is  on  the  left  bank  at  the  east  edge  of  the  east 
on  the  lower  side  of  the  bridge.  BfMich  mark  Xo.  1  is  a  rivet  hea< 
the  footplate  at  the  foot  of  the  batter  post  on  the  top  of  the  soi 
east  pier  of  the  bridge.  It  is  marked  with  black  paint,  B.  M.  17 
It«  elevation  above  the  zero  of  the  gage  is  17.54  feet.  B.  M.  Xo. 
a  spike  in  the  southwest  side  of  a  cotton  wood  stump  25  feet  souths 
of  the  southeast  pier.  It  is  marked  B,  M.  11.27.  Its  elevation  ah 
the  zero  of  the  gage  is  11.27  feet. 
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Discharge  nufcisuremefUB  of  Marias  RitH*r  near  Shell>yy  Mont. 


Date. 


1903. 


April  4 . 

April4 

Julys 

July  23 

July  29 

Atvgnst  15 

September  19 . 
UoTember  3  . . 


J.  S.  Baker 

do 
L.  V.  Branch 

do 

C.  T.  Prall.. 
C.  C.  Babb_. 
C.  T.  Prall  _. 
L.  V.  Branch 


height. 

Discharge. 

Feet. 

Second-feet. 

2. 05 

358 

2.05 

357 

5.95 

5,664 

3.68 

1,658 

3.40 

1,295 

2.80 

780 

2.40 

547 

2.16 

299 

Daily  gage  height,  in  feet,  of  Marias  Rix^r  near  Shelby,  Mont. 


Day. 


Apr. 


1 

2 

3 

• 

4 

2.60 

5 

2.60 

« 

2  40 

7 

2.10 

8 

2.10 

» 

2  00 

10.... 

2  10 

11 

2.10 

M 

2  10 

M.... 

2  10 

14 

2  10 

15... 

2  20 

16 

1  90 

17 

200 

M 

2  00 

1» 

2  00 

» 

2  00 

a 

2  50 

e 

2  70 

a 

2  60 

24... 

2  50 

26 

2.40 
2.80 
2.40 
2.40 
2.40 
2  00 

26 

27.... 

28... 

2»... 

30.... 

81... 

-____ 

May. 


June.     July. 


2.70 
2.70 
2.90 
2.70 
S.60 
2.50 
2.60 
2.90 
3.00  I 
3.30 
3.30 
8.90 
3.90 
3.90 
4.40 
5.70 
5.40 
5.10 
5.10 
4.90 
9.90 
14.60 
9.20 
9.40 
9.00 
6.40 
6.00 
6.60 
6.60 
7.00 
6.00 


6.50 
6.40 
6.20 
5.60 
6.20 
6.00 
4.90 
4.80 
4.60 
4.80 
6.10 
5.10 
4.90 
4.00 
4.50 
4.40 
4.50 
4.40 
4.20 
4.20 
4.10 
4.00 
4.10 
3.90 
4.10 
4.10 
4.40 
4.80 
4.20 
4.30 


Aug. 


r 


4.10 
5.00 
6.40 
11.50 
11.00 
8.60 
6.80 
6.10 
6.60 
5.30 
5.10 
4.90 
4.60 
4.50 
4.60 
4.40 
4.40 
4.10 
4.10 
4.00  I 
4.00 
3.90  ; 
3.80  I 
3.60 
3.50  I 
3.60 
3.60  I 
3.70 
3.60  ' 
3.30 
3.30 


Sept. 


3.10 

3.10 

3.00 

3.00 

3.00 

2.90 

2.80 

2.70 

2.80 

3.00 

2.80 

2.70 

2.50 

2.50  ' 

2.60 

2.40  I 

2.40 

2.50  I 

2.20  I 

2.10  I 

2.10 

2.30  ! 

2.00 

2.40  I 

2.60 

2.70 

2.50  I 

2.50 

2.30  ! 

2.20  , 

2.10  I 


2.44) 
2.80 
2.20 
2.30 
2.40 
2.40 
2.40 
2.80 
2.20 
2.10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.30 
2.20 
2.20 
2.30 
2.30 
2.20 
2.50 
2.40 
2.20 
2.30 
2.20 
2.20 
2.20 
2.80 
2.80 


Oct.    I  Nov.   1    D«M- 


2.20 
2.20 
2.20 
2.20 
2.20 
2.20  j 
2.20  I 
2.20 
2.20  i 
2.20  , 
2.20  j 
2.20  I 
2.20  ' 
2.20  j 
2.20  I 
2.20  I 
2.20  I 
2.20  , 
2.20  I 
2.20  I 
2.20  I 
2.20  j 
2.20  ■■ 
2.20  I 
2.20 
2.20  I 
2.20 
2.26  I 
2.20 
2.20 
2.20  ,. 


2.  a) 

2.20 

2.20 

2.20 

2.20 

2.10 

2.20 

2.20 

2.10 

2.20 

2.20 

2.80 

2.70 

2.60 

2.60 

2.60 

2.60 

2.60 

2.60 

2.50 

2.40 

2.50  j 

2.60 

2.50 

2.40  I 

2.40 

2.80 

2.80 

2.80 

2.80 


2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.80 
2.30 
2.80 
2.80 
2.30 
2.60 
2.60 
2.00 
2.50 
2.60 
2.50 
2.50 
2.50 
2.60 
2.00 
2.50 
2.50 
2.50 
2.50 
2.60 
2.60 
2.60 
2.40 
2.80 
2.80 
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Rating  table  for  Marias  River  near  Shelbt/,  Mont,,  for  190J, 




_ 

_ 

— 

Feet. 

Sevond-fvet. 

Feet. 

Hevtmd-feet . 

Feet. 

Srrond-feet. 

Feet. 

Secondfert 

1.0 

144 

3.8 

1,871 

6.6 

6,809   ' 

9.4 

11,737 

1.2 

168   , 

4.0 

2. 223 

6.8 

7,161    , 

9.6 

12,089 

1.4 

192 

4.2 

2,575 

7.0 

7.513  ' 

9.8 

12,441 

1.6 

227 

4.4 

2,927 

7.2 

7.865 

10.0 

12,793 

1.8 

273 

4.6 

3, 279 

7.4 

8,217   1 

10.2 

13,145 

2.0 

31^3 

4.8 

3,631 

7.6 

8,569  . 

10.4 

13,497 

2.2 

42o 

5.0 

3,983 

7,8 

8,921 

10.6 

13,849 

2.4 

540  , 

5.2 

4,355 

8.0 

9,273 

10.8 

14,201 

2.6 

660 

5.4 

4.707 

8.2 

9,625 

11.0 

14,553 

2.8 

780  1 

5.6 

5,059  1 

8.4 

9,977   ' 

11.2 

14,905 

3.0 

935  1 

5.8 

5,401 

8.6 

10,329   , 

U.4 

15,257 

3.2 

1,105 

6.0 

5.753  '' 

8.8 

10,681 

11.6 

15,600 

3.4 

K285 

6.2 

6, 105   1 

9.0 

11,033   1 

11.8 

15,961 

3.6 

1,520  1 

1 

6.4 

6,457  i 

9. 2 

11,385  ,| 

12.0 

16,313 

Estimated  monthly  discharge  of  Manas  River  near  Shelby,  Mont. 
[DrainaKO  area,  2,<$10  Hquarc  miles.] 


Mouth. 


1902. 
April  4  to  30. 

May  - 

June 

July 

Augu.st  

Septeiulx^r  .  . 

OctolHjr 

November     . 
DeceiiilKT . 


Discharge  in  socond-feet. 


Maximum. 


5,235 

6,633 

16.313 

1,402 

600 

480 

720 

6(Jt) 


Minimum.      Mt'HU. 


Total  in 
acre-feet. 


RlUKlff. 


Se<xjnd-feet  j)^  ^v 


600 
2,047 
1,190 
333 
373 
425 
373 
480 


468 

4,764 

3,469 

3, 980 

654 

463 

425 

518 

563 


25,063 

292,927  I 

206.420  I 

244,721  I 

40.213 

27,550 

26, 132  i 

30,823  '. 

34,617 


0.18 

1.83 

1.33 

1.52 

.25 

.18 

.16 

.20 


.21 
.11 

.2i 


I 


TWO   MEDICINE   CREEK   AT   MID  VALE,   MONT. 

This  station  was  established  September  17,  llH)-2,  by  C.  C.  Babb 
It  is  h)eate(l  200  yards  above  the  Gn^at  Nortliern  Railroad  bridge  • 
mile  from  the  railroad  station  at  Midvale,  Mont.  The  gage  is  incline< 
and  graduated  so  as  to  give  readings  of  vertical  feet  and  tenths.  I 
is  fastened  to  a  tree  and  stake.  Tlie  initial  point  for  sounding  is  o 
the  left  bank.    The  channel  is  straight  for  700  feet  above  and  300  fe^ 
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low  the  statiou.  The  banks  are  hiprh  and  I'ocky.  Bench  mark  No. 
8  a  nail  in  a  rock  13.5  feet  below  the  rod.  Its  elevation  is  2.03  feet 
K)ve  the  zero  of  the  gage.  Bench  mark  No.  2  is  a  nail  driven  in  a 
►ruce  tree  40  yards  north  of  the  rod.  Its  elevation  is  32  feet  above 
le  zero  of  the  gage. 
The  following  discharge  measurements  were  made  during  1902: 

October  15:  Gkige  height,  0.45  foot;  discharge,  84  second-feet. 

October  15:  Oage  height.  0.54  foot;  discharge,  47  second-feet. 

Daily  gage  height,  in  feet,  of  Txoo  Medicine  Creek  at  Midvale,  Mont, 


Day. 

1  Sept. 

isue. 
1 

1 

e j::::::;; 

3 

4 ' 

5 

6 

;                             1 

8 

9 

10 

U i 

12 

13 

U.... 

l.> 1 

16 

Oct.       Nov.      Dec. 


0.50 
.50 
.50 
.50 
.50 
.•45  I 
.45  I 
.45  I 
.45 
.45 
.50 
.50 
.45 
.45 
.45 
.45  I 


0.85 
.35 

.a5 

.30 

.:« 

.30 
.30 
.30 
.30 
.35 
.40 
.55 
.70 
.80 

i.ao 

1.50 


Day. 


0.70 
.«0 
.00 
.60 
.00 
.00 
.00 
.00 
.70 
.70 
.80 
.80 
.80 
.80 
.80 
.80 


190S. 


Sept. 


Oct. 


0.45 
.50 
.45 
.45 
.45 
.40 
.40 
.40 
.45 
.50 
.50 
.50 
.50 


0.45 
.45 
.46 
.45 
.40 
.40 
.40 
.35 
.36 
.36 
.35 
.36 
.36 
.35 
.36 


Nov. 


1.50 

1.20 

1.00 

1.00 

.90 

.90 

.80 

.80 

.80 

.70 

.70 

.70 

.70 

.70 


Dec. 


0.80 

.80 

.80 

.80 

.80 

.80 

.80 

.80 

.90 

1.00 

1.00 

1.20 

1.20 

1.20 

1.20 


MISSOURI   RIVER  AT   CASCADE,  MONT. 

This  station  was  established  July  1,  1902,  by  W.  W.  Sehleeht.  It 
is  located  at  the  highway  bridge  in  the  town  of  Cascade,  Mont.,  about 
one-fourth  of  a  mile  from  the  railroad.  The  gage  is  of  the  usual 
^^  type,  and  the  sealeboard  is  graduated  to  feet  and  tenths  and  is 
fastened  to  one  of  the  eyebars  of  the  bridge.  It  is  read  daily  by 
H.  W.  Ludwig.  The  initial  point  for  sounding  is  on  the  abutment 
of  the  right  approach  to  the  bridge.  The  channel  is  straight  for  about 
^^  feet  above  the  station  and  300  feet  below.  About  300  feet  below 
the  station  there  is  an  island,  on  either  side  of  which  the  river  is  rapid. 
There  is  al>out  1  foot  fall  at  this  point.  The  right  bank  is  low  and 
liable  to  overflow.  The  left  bank  is  high  and  not  liable  to  overflow. 
The  bed  of  the  stream  is  rocky  near  the  piers  and  muddy  along  the 
banks.  The  bridge  has  two  spans.  The  central  pier  is  protected  by 
*'i  ice  and  drift  breaker,  which  extends  about  125  feet  upstream.  No 
bench  marks  have  been  established. 

The  following  measurements  were  made  during  1902  by  W.  W. 
Sehleeht  and  L.  V.  Branch: 

July  21:  Gage  height,  5.06  feet;  discharge,  5,537  second-feet. 
September  9:  Gage  height.  3.67  feet;  discharge,  1,891  second-ieet, 
November  6:  O^ge  height,  4. 18  feet;  discharge,  3,131  eecoiid-le©\». 
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I>(tHu  gtiyf  height,  in  fert,  of  MisHouri  RiiH^r  at  Ctwcade,  Mont. 


Day. 


July. 


10US. 

1 

2         1 

3 ' 

4                                             ' 

5                  !.. 

\ 1....  . 

7 1 

,                          

\  :  ::. :i... 

10 - 

11 

IS          .   . 1 

13        i  . 

M 1 

1 

15 1 

16              1 

17     

5.;«> 

18 

5.30 

19 

r>.22 

ao       ..        

5.12 

ti 

5.00 

22 

5.00 

"~  -      ■                                                  .  ^  ...........  . 

28 

4.90 

24                    

4.80 

25          

4.70 

26 

4ftf> 

27 

4.00 

28                      ... 

4  50 

29                    

4.40 

30    

4.31) 

31 

4.30 

Aug.  I  06pt, 


I 


4.20  I 

4.15 

4.(15 

3.90 

3.87 

3.75 

3.« 

3.fl0 

3.60 

3.60 

3.60 

3.60 

3.60 

3.60 

3.60 

3.55 

3.50 

.3.45 

.3.55 

M.H) 

3.?.» 

3.Je 

3.90 

3.90 

3.87 

3.H5 

3.86 

3.a5 

3.82 

3.75 

3.70 


3.67 

ass ; 

3.77  I 
3.87  ' 
3.85  I 
^75  I 
3.70  1 
3.66  I 
3.70  I 


3.67  I 
3.62  I 
3.ef) 
3.60 

3.eo 

3.60 

5.00 

3.66 

3.66 

3.70 

^i70| 

3.70  i 

aTO 

3.70 

3.70 

3.70 

3.65 

3.62 

3.60 

3.65 

3.72 


Oct. 

Not. 

D«. 

a9o 

4.20 

%.% 

a96 

4.20 

i.« 

4.00 

4.20 

i« 

4.05 

4.9) 

4.W 

4.07 

4.» 

iM 

4.05 

4.18 

.      i^» 

4.00 

4.17 

4.00 

4.20 



4.00 

4.20 

4.05 

4.20  i 

4.05 

4.25 

.- 

4.10 

4.  as 



4.10 

4.45 

4.15 

4.50 



4.10 

4.  .TO 

4.10 

4.55 

4.10 

4.55 

4.10 

4.60 

4.10 

4.57 

4.16 

4.55 

4.15 

4.50 

4.15 

4.45 

4.10 

4.20 

4.10 

4.50 

4.10 

4.00 

4.10 

4.00 

4.10 

4.00 

4.18 

4.  a) 

4.20 

4.00 

4.20 

4.00 

4.20 


MISSOURI   RIVER  AT  TOWNSEND,   MONT. 

The  K^giiig  station  was  established  in  1801  hy  the  Missouri  River 
Commission,  and  readings  have  been  made  continuously  since  that 
time  by  an  observer  employed  by  the  Commission.  The  locality  is 
2,504:  miles  above  the  mouth  of  the  river.  The  following  description 
of  the  gage,  its  location,  and  bench  marks  is  from  Lieut.  J.  C.  San- 
ford,  secretary  of  the  Missouri  River  Commission: 

A  standard  wire  cable  gage  was  erected  by  the  Missouri  River  Commission 
October  1,  1891,  on  a  county  road  bridge,  located  about  300  feet  below  the  North- 
em  Pacific  Railroad  bridge  across  the  Missouri  River  near  Townsend,  Mont.  Its 
zero  is  set  at  an  approximate  elevation  of  3,700  feet  above  sea  level  as  determined 
from  a  primary  line  of  levels,  run  under  the  direction  of  the  Commission  in  1890, 
from  Three  Forks  to  Fort  Benton,  Mont.,  and  starting  from  a  bench  mark  of  the 
Northern  Pacific  Railroad  at  Gallatin,  Mont.  (See  Annual  Report  of  Chief  of 
Engineers.  l«91.) 

Reference  bench  mark  is  B.  M.  10  (Townsend),  described  as  ''located  on  the 
right  bank  of  the  Missouri  River,  about  one-half  mile  north  of  Townsend  Railroad 
station,  about  one-half  mile  from  river,  measured  in  a  perpendicular  direction  to 
track,  and  about  three- fourths  mile  south  of  railroad  bridge  over  the  Missouri 
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XUver.  It  is  about  60  feet  west  of  a  point  on  the  track,  80  feet  north  of  railroad 
"bridge  Ko.  392.  and  about  7  feet  west  of  railroad  fence.  Compass  reading  to  mile- 
-po^t  1121  is  318'.  Marked  by  stone  and  pipe;  elevation,  8,795.991  feet.  This 
elevation  is  erroneous,  bnt  is  the  elevation  from  which  the  gage  is  set. 

The  tabulated  records  of  the  Townsend  gage  are  reductions  to  the  St.  Louis 

directrix  datum  obtained  by  stlbtracting  400.068  feet  from  the  daily  means  of  the 

gtif^  readings.     The  gage  reads  from  3,785  to  8,799  feet. 

Lieutenant  Sanford  states  that  since  the  establishment  of  the  gage 
level  lines  have  been  completed  connecting  all  of  the  upper  river 
gages  with  the  datum  of  the  Missouri  River  Commission.  Preiuse 
levels  have  been  run  up  to  Sioax  City,  Iowa,  and  above  that  checked 
Y  lines  have  been  run  under  the  direction  of  Capt.  II.  F.  Hodges, 
Corps  of  Engineers,  United  States  Army,  and  of  the  Missouri  River 
Commission.  The  elevations  of  the  zeros  of  the  other  Montana  gages 
read  during  1890  are  as  follows: 

Elevations  of  ritvr  gages  in  Montana, 

I   AimvA  i  Elevation  a>w»v«     Elevation 

^^^^'  I  mSSth.  •    ot^^  Locality.  ,  ^S^.      ot^^ 


Mile*.  Feet. 

OrwtPallH I    2,888.8:  2,W7.166 

Cmi* I    2,416.7!  8,028.575 

Stn^bHFerry «,««.»  8,207.074 


I  Milen.  Feet. 

Toston I  2,519.8  8,477.230 

OAllahera  Ferry •  tJAH.A  3,618.(MW 

Gallatin  Ferry '  2,546.7  3.B14.7X8 


The  area  drained  at  this  point  is  approximately  15,000  square  miles, 
comprising,  as  above  stated,  the  inflow  from  the  Gallatin,  the  Madison, 
and  the  Jeflferson  rivers.  This  gage  at  Townsend  is  the  highest  of  a 
series  of  twenty  or  more  gages  maintained  permanentl}'^  by  the  Mis- 
souri River  Commission.  Descriptions  of  these  gages  are  given  in 
the  annual  report  of  the  Missouri  River  Commission,  contained  in  the 
Annual  Report  of  the  Chief  of  Engineers,  United  States  Army;  that 
for  1801,  on  page  3819;  for  1892,  on  page  3271,  and  for  1803,  on  page 
2310.  The  distance  of  this  point  above  Sioux  City  is  1,703  miles,  and 
above  Fort  Benton,  -the  next  gage  below  maintained  by  the  Corps  of 
Engineers,  219  miles.  In  the  report  of  the  Chief  of  Engineers,  United 
States  Army,  for  1893,  page  2320,  it  is  stated  that  there  is  under  way 
an  ''examination  of  Missouri  River  from  Three  Forks  to  Canyon 
Ferry,  Mont.,  with  a  view  of  determining  at  wliat  points,  if  any,  use 
might  be  made  of  water  power  for  manufacturing  and  other  puri)Oses 
without  unreasonably  impairing  the  navigability.  This  part  of  the 
river  was  surveyed  and  mapped  in  1890  under  the  direction  of  the 
Missouri  River  Commission.  For  the  present  work  it  is  proposed  to 
examine  the  maps  of  this  survey  and  select  such  jwlnts  as  seem  suit- 
able to  personally  examine  the.  localities,  and  by  additional  field 
work  to  get  the  necessary  data  for  a  repoi-t." 

The  gaging  station  on  the  upper  Missouri  Kiv(»r  in  the  vicinity  of 
Craig,  referred  to  in  previous  reports,  was  abandoned  in  June,  1H92, 
owing  to  the  expense  of  maintenance  and  the  fiict  that  the  Missouri 
River  Commission  had  a^^^age  Hi  'i'oivnscnd,  Mont. 
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The  I'esiilts  are  furnished  to  the  Geological  Survey  by  the  Corps  of 
Engineers,  Unit-ed  States  Amiy. 

Discharge  vieaHnreuiefits  of  Mimtouri  River  at  TowH^etid,  Mont, 


Date. 
1902. 


Hydroffrapher . 


«W;    iDiHcOianre. 


heiffbt. 


Feet.      I  SerontifteU 

Aprill4 H.B.Waters |    88.75  j  2.84(P 

July  14 ' do I     S9.82  6,54r 

Angn8t28 ' do !    8S.52  I  2,35(» 


GALLATIN   RIVER  AT   LOGAN,  MONT. 

This  station  was  established  on  August  24,  1803,  by  F.  II.  Newell* 
at  the  railroad  pump  house  immediately  below  the  Northern  Pacific^ 
main  line  bridge  crossing  Gallatin  River  at  Logan,  Mont.     Tlie  gag^ 
was  a  vertical  rod  fastened  to  the  cribwork  l)ox  sunk  in  the  river  for 
the  protection  of  the  inlet  pipe  of  the  pump.     The  bench  marks  con* 
sist  of  nails  driven  into  the  angle  of  the  pier  of  the  bridge  facing  tU^ 
gage,  these  being  placed  at  the  elevation  of  the  7,  8,  9,  and  10  foot- 
marks, and  designated  by  corresponding  figures.    At  the  bridge  itself 
measurements  of  volume  can  not  well  be  made,  as  the  stream  i^ 
divided  into  four  channels,  being  very  swift  in  two  of  these,  an^ 
obstructed  by  piles,  snags,  and  sand  in  the  others.     Above  the  bridges  » 
however,  is  a  broad,  straight  course,  where  measurements  can  \p^ 
made  by  means  of  a  boat  and  cable. 

On  March  10,  1804,  the  gage  rod  was  washed  out,  together  with  th^^ 
crib  to  which  it  was  attached,  no  discharge  nieasurement.s  having 
been  made  while  it  was  in  place. 

On  November  10,  1804,  a  new  gage  was  established  b}'  Arthur  I^- 
Davis  under  the  northeast  cornt»r  of  the  Northern  Pacific  bridge  abov^ 
mentioned.    This  gage  consisted  of  timbers  partly  inclined  and  partlV' 
vertical,  the  lower  inclined  portion  being  graduated  from  O.GO  foot  up 
to  7.10  feet,  and  the  vertical  portion  from  7  feet  up  to  12.10  feet- 
Bench  mark  No.  1  is  on  the  head  of  a  bridge  spike,  in  the  top  of  th^ 
pile  stump  to  which  the  lower  end  of  the  inclined  gage  is  fastened.^ 
Elevation  1.02  feet  alK)ve  zero  of  gage.     Bench  mark  No.  2  is  the  heaA 
of  a  bridge  spike  driven  horizontally  into  the  first  pier  east  of  the  river. 
It  is  drivcm  into  the  north  end,  and  is  marked  "B.  M."     Its  elevation 
is  9.32  feet  above  the  zero  of  the  gage.     The  measurements  were  made 
by  means  of  a  cable  across  the  river  100  yards  al)ove  the  bridge. 

On  September  10,  1800,  a  wire  gage  was  placed  in  the  east  span  of 
the  railroad  bridge  and  fiustened  to  the  guanl  rail  on  the  upper  side. 
The  distance  from  the  outside  edge  of  the  pulley  to  the  end  of  the 
rod  is  1  foot;  from  the  end  of  the  weight  to  the  index  marker  18.40 
feet.  Bench  mark  1  is  the  top  of  tht^  northeast  cwrner  of  the  iron 
plate  at  foot  of  diagonal  end  member  of  truss,  east  end,  upper  side, 
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and  is  13. 70  feet  above  (latum.  Bench  mark  2  is  a  spike  in  pile  stump, 
described  and  called  "Bench  mark  No.  1,"  in  the  description  of  the 
1894  gage.  Discharge  measurements  are  made  from  the  cable  across 
the  river  300  feet  above  the  railroad  bridge.  The  section  is  a  good 
oae,  the  channel  being  straight  for  some  distance  above  and  below 
the  cable.  The  bed  is  gravelly.  The  observer  is  James  Martin.  The 
'ollowing  measurements  were  nmde  in  1002; 

ZHacharge  ineamirementu  of  Gallatin  River  at  I^ygaUy  Mont. 


Date. 


HydroffTHphor. 


Gage 


1902. 

^pril  15 - -.|  H.  B.  Waters 

May  3 do 

Do ;. do 

May  28 ' do 

July  14 do 

Au^nist  29 -do 


Feet. 
0.91 
1.30 
1.30 
4.23 
l.GO 
.56 


Diw^harjfe. 

Second-feet. 
480 
715 
720 
4.018 
980 
394 


Daily  gage  height,  in  feet,  of  Oallatin  River  at  Logan,  Mont. 


I>ay. 


Jan.     Feb. 


iwe. 


(«) 


I. 


H.. 

9.. 
10.. 
11.. 
12.. 
13.. 
14.. 
15.. 
18.. 
17.. 
m.. 
19.. 
20. . 
21.. 
a.. 
«.. 
24.. 
8.. 
«.. 


I     ("> 
1     1.00 
1    1.00 

l.(« 

1.00 
1.00 
1.00 
1  nl.OO 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 


<«) 


Mar. 


(«) 


(«) 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.10 

1.05 

1.05 

1.05 

1.05 

1.05 

1.05 


Apr.    May.  |  Juno.  I  July.  I  Au^. 


«1.05 
1.05 
1.06 
1.C6 
1.05 
l.a5 
1.05 
1.04 
1.40 
1.40 
1.40 
1.30 
1.30 

i.ao 

1..3I) 

i.:«: 

1.30  !.. 
1.3[)  1.. 
1.30  I.. 
1.30   .. 
1.30  |.. 
1.30  ... 
1.30  L 
1.30  '.. 
1.30 
1.80 
1..30 
l.:«)   .. 
1.30 
1.30 
\.2k) 


1.30 
1.30  I 
1.31)  I 

}.:« 

1.30 

1..30 
1.30 
1.30 

!.:« 

1.30 


- 


1.30 

l.J» 
I.ao 

1.30 
1.40 
1.60 
1.60 
1.80 
2.40 
2.56 
2.60 
3.35 
3.46 
3.50 
3.50 
3.40 
3.40 
3.a5 
3.30 
3.45 
3.30 
3. 10 
3. 10 
3.45 
3.«) 
3.  IXI 
4.05 
4..':5 


4.40  '- 
4.30  L 
3.75  . 
3.56  |- 
3.26  L 
3.35    - 

3.;»  L 

4.15    . 

4.10  ;. 

4.3f)  L 

4.40    . 

4.15  ;- 

4.35  L 

4.40 

2.»5 

2.55  i 

2.50 

2.45 

2.50 

2.30  ' 

2.10 

2.30 

2.40 

2.4^)  I 

2.;io 

2.44 
2. 10 
2.20 


1.70 
1.5o' 
1.40 
1.30 
1.30 
1.:*) 
1.20 
1.10 
1.10 
1. 00 
.90 
.W) 

.m 

.80 

.») 

.m 

.80 
.70 


O.HO 
.70 
.60 
.60 
.60 
.50 
.50 
.50 
.50 
.60 
.60 

.m 
.m 

.W) 
.70 
.70 
.70 
.«0 
.80 
.70 
.7() 
.70 
.70 
.70 
.60 
.70 
.60 

,m 

.60 
.60 
.60 


Sept.  ;  Oct.      Nov.  I    DtH'. 


I 


0.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 
.60 

.or) 

.60 
.60 
.60 
.50 
.30 
.%) 

.:« 
.:«)  I 
.%) 

.Z) 
.20 
.20 

.20  j 

.10 
.10 
.10 
1.10 
1.10 
1.10 


1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1  10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 


1.10 
1.10 
1.10 
1.10 
1.10 
1.20 
1.10 
1.2f) 
1.20 
1.20 
i.:jo 

1.40 
1.30 
1.20 
1.20 
1.20 
1.20 
1.20 
1.30 
1.20 
1.10 
1.20 
1.30 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 


1.40 
1.20 

i.ao 
l.:«) 

1.40 
1.30 

i.:«) 
i.:« 

1.20 
1.20 
1.20 
1.10 
1.00 
1.20 
1.40 
1.60 
2.50 
2.45 
2.85 
2.90 
3.10 
3.40 
3.60 
3.:i5 
3.:30 
3.30 
2.40 
2.10 
2.10 
2.60 
2.80 


aFrozLm  at  gage. 
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Rating  taWe  for  Gallatin  Riv^r  at  Ijogan,  Mont.,  fur  190^, 


Gage 
height. 

Diiteharge. 
Second-feet. 

hei^t. 

Feet. 

DiwharKe. 
SrtftHd/eet. 

Gage 
height. 

Feet. 

Discharge. 
Sect>nd'/eet. 

Gam 
height. 

fWt. 

Discharge.' 

Feel. 

Secomd-ftft: 

0.2 

:«6 

1.4 

780 

2.6 

1,965 

3.8 

3,520 

.4 

870 

l.« 

940 

2.8 

2,200 

4.0 

3.880  1 

.6 

400 

l.s 

1.120 

3.0 

2,440 

4.2 

.      4,125  ' 

.8 

450 

2.0 

1,315 

3.2 

2.700 

4.4 

4.480  1 

1.0 

530 

2.2 

1,520 

3.4 

2.960 

1 

1.2 

650 

2.4 

1.7:i5 

3.0 

3,240 

1 

Entimated  monthly  dittcharye  of  (rallatin  Riivr  at  Logan,  Mont. 
[Drainage  area,  1,HII5  nqoare  mileM.] 


Dim^harge  in  necond-feet. 

Run-off. 

Mouth. 

Maxiuium. 

1 

Minimum. 

Mrtiu. 

ToUl  in 
a<*re-feet. 

Second-feet 

1 

Depth  it 

1902. 

January  5  to  18 

5:^) 

14.717 

0.29 

0.1 

February  16  to  28. 

576 

14,856 

.32 

] 

March 

780 

560 

678  . 

41,693 

.38 

.4 

April  1  to  12 

710 

16.899 

.39 

.1 

May  4  to  31-         .  . 

2.328 

129.291 

1.29 

1.3 

June  1  to  28  .   - 

2. 775 
599 

154.136 
21.39S 

1.54 

1.6 

July  14  to  31 

0 

August 

450 

382 

410 

25. 206 

.23 

0 

September 

590 

356 

399 

23, 742 

.22 

.2 

October 

590 

5W 

590 

36. 278 

.33 

.3 

November 

780 

590 

679 

40. 383 

.:w 

.4 

Deceml)er 

3, 240 

53t) 

1.465       ; 

90.079 

.81 

.» 

WEST  (iALLATIN   RIVER   NEAR   SALESVILl.E,    MONT. 

The  Salesville  station,  which  has  Imkmi  inaiutained  for  a  number  < 
years,  was  established  near  Williams's  raneli,  about  10  miles  soutl 
west  of  Bozeman  and  near  a  highway  bridge  crossing  the  strea 
about  5  miles  south  of  Salesville.  A  gage  rod  was  erected  in  Jul; 
1895,  and  observations  were  begun  on  August  1  by  Ira  T.  William 
a  ranchman  living  alx)ut  G()0  feet  away.  The  gage  is  spiked  to 
tree  and  is  not  liable  to  be  washed  out.  The  bench  mark  consists  < 
a  6-ineh  spike  driven  in  the  top  of  a  stump  5  feet  north  of  the  ga^ 
post.     It  is  r».71  feet  alnne  the  zero  of  the  gage,  as  lowered  5  fe< 
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om  tlie  original  position.  A  second  l)eneh  mark  <»oiisi8t«  of  a  0-inch 
jike  driven  into  the  east  bridge  abutment.  This  is  1J.20  fei»t  above 
le  zero  of  the  gage.  The  initial  point  for  soundings  is  on  the  right 
lank.  In  flood  the  water  flows  behind  the  bridge  abutments  on  the 
ight  bank,  but  at  other  times  is  confined  within  th(»  channel.  The 
)ed  of  the  stream  is  composed  of  bowlders  and  is  not  liable  to  change. 
The  vel<K*ity  is  great,  rendering  discharge  measurements  somewliat 
iiflicult.  The  channel  is  nearly  straight,  with  slight  curves  both 
above  and  below.  Two  canals  are  taken  out  alwve  this  station,  the 
West  (Tallatin  Company  carrying  about  12.5  second-feet  Iwtween  July 
1  and  September  15,  and  the  Kleinschmidt  carrying  about  5()  second- 
feet  between  July  1  and  August  15.  In  September,  1S90,  a  wire  gage 
was  placed  on  the  bridge,  the  pulley  l>eing  fastened  to  tin*  end  of  the 
rod  opposite  the  0. 15-foot  mark.  The  distance  of  the  end  of  the 
weight  to  the  index  marker  is  15.50  feet.  The  two  gages  were  made 
to  read  the  same. 

Tlie  bench  mark  for  the  wire  gage  is  the  head  of  the  southwest 
bolt  in  the  rim  of  the  southeast  cylindrical  pier.  Its  elevation  is 
13.7Jifeet  al)ove  datum.  The  observer  is  Ira  T.  Williams,  Salesville, 
Mont. 

biHcharge  ine(utnre»ientH  of  Went  (Mlatin  River  near  Sahwilh'.  Mont. 


Date. 

Hydrographor. 

helKlat. 

DiwharKe. 

1902. 

Fv*t. 

Sfu-'fnil-/f'ft. 

April  28                 

H.  B.  Waters 

A.  P.  Stover  

.       -do 

2.  K\ 

:i7a 

June  3       

2.620 

D.) 

2. 60(5 

Jime9 

do 

«.  12 

4,:mi 

JnueU           

do 

'       r,.05 

1       5.  ().*) 

4,708 

June24 

do 

2. 778 

D.) 

-do 

2. 77» 

JnlylO . 

do 

.   '       4.-.,-, 

1,074 

July  17 

H.  B.  WaU»rH 

4.14 

1,348 

August  13 

A.  P.  Stover      

:i.  MO 

(i27 

Septeml)er4 . 

H.  B.  Waters 

2.  HO 

4:w 
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IS>.! 


Daily  gage  height,  in  feet,  of  Went  Gallatin  River  near  SalemnUe,  Mont. 


Hating  t aide  for  West  Gallatin  Hirer  near  SalesriJle.  Mont.,  for  1902. 


Gasre 
height. 

Feet. 

DifK^harge. 

height . 

Diwlmrge. 

Gage 
height. 

Discharge. 
Sec<tnd-/vet. 

Gasre 
height. 

I  Discharjr 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Feet. 

f  Second-fei 

2.fi 

300 

3.8 

930 

.-,.0 

2. 285 

6.2 

,        4,550 

2.8 

400 

4.0 

1.000 

5.2 

2.605 

6.4 

;       5,000 

8.0 

500 

4.2 

1.215 

5.4 

2, 950 

6.6 

'       5.450 

3.3 

600 

4.4 

1.415 

5. 6 

3.310 

1 

3.4 

700 

4.0 

1.605 

5.8 

3. 690 

1 

3.0 

810 

4.8 

1,960 

6.0 

4,100 

1 

1 

MISSOURI   RIVER   DRAINAGE    BASIN. 


43 


M«timated  monthly  discharge  of  West  Gallatin  River  near  Salestnlle,  Mont, 
[DrainaKe  area,  H6()  winare  miles.] 


Month. 


The  year . . 


Diachargd  in  Hocond-feet. 


Run-off. 


Mazimnm.    Minimum.  '    Mean. 


Total  in 
acri^feet. 


400 

650 

400 

500 

5,565 

5,225 

1,735 

810 

500 

450 

450 

450 


5,565 


360 : 

388 

23,881 

360  , 

449 

24,962 

360  1 

365 

22,413 

360 

399 

23, 742 

450 

1,697 

104,370 

1,530  : 

3,025 

180,  aso 

870  j 

1,192 

73,269 

500 

591 

36,327 

360  i 

422 

25,081 

450  1 

450 

27,669 

300 

437 

26.023 

270  ■ 

1 

407 

25,031 

270 

1 

818 

592, 798 

8erond-fe©t  TXa-»*i,  «„ 


inches. 


0.45 

0.52 

.52 

.54 

.42  1 

.48 

.46 

.51 

1.97  1 

2.27 

3.52 

3.93 

1.39 

1.60 

.69 

.80 

.49 

.55 

.52  : 

.60 

.51 

.57 

.47 

.54 

.95 


12.91 


MIDDLE   CREEK  NEAR  BOZEMAN,   MONT. 

The  station,  established  on  August  3,  1895,  is  located  9  miles  south 
of  Bozeman  and  one-eighth  of  a  mile  above  the  old  sawmill  dam  in 
the  creek  canyon.  Discharge  measurements  are  made  from  a  wire 
<Sible  placed  across  the  stream  in  1898.  The  gage  is  about  200  feet 
below  the  cable,  and  consists  of  a  horizontal  frame  supporting  a  wire 
gage.  Bench  mark  No.  1  consists  of  a  spike  driven  horizontally 
^ntoa  stump  5  feet  high  about  80  feet  east  of  the  gage  rod.  The 
n^Mdle  of  this  spike  is  at  an  elevation  of  7.03  feet  above  gage  datum, 
^nch  mark  No.  2  consists  of  an  8-inch  bridge  spike  driven  horizon- 
tally into  a  charred  stump  about  25  feet  northeast  of  the  gage,  with 
an  elevation  of  3.58  feet.  Bench  mark  No.  3  consists  of  a  large  rock 
^'^feet  east  of  the  gage,  marked  **B.  M."  in  black  paint,  and  is  4.84 
feet  above  gage  datum.  The  initial  point  for  sounding  is  on  the  left 
l^nk.  The  water  moves  swiftl}'^  on  one  side;  the  left  bank  \u  low  and 
liable  to  overflow.  The  bed  of  the  stream  is  of  gravel  and  is  liable  to 
change.  Gage  heights  were  not  taken  in  1897  and  1901,  owing  to  the 
'nipossibility  of  securing  an  observer  at  moderate  expense. 

A  new  gage  and  three  new  bench  marks  were  established  at  this 
station  on  May  8,  1902.  Bench  mark  No.  1  is  the  top  of  a  bowlder  56 
feet  southeast  of  the  deadman  of  the  east  end  of  the  cable.  It  is 
n^arked  in  red  paint  B.  M.,  U.  S.  G.  S.,  8.41;  elevation  8.41  feet  above 
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the  zero  of  the  gage.  Bench  mark  No.  2  is  the  top  of  a  bowlder 
feet  southeast  of  the  (le«vdman,  marked  in  red  paint  B.  M.,  U.  S.  G. 
9.2G;  elevation  9.2G  feet  above  zero  of  the  gage.  Bench  mark  No 
is  a  large  bowlder  on  the  hillside  150  feet  northeast  of  the  deadmi 
marked  B.  M.,  U.  S.  G.  S.,  20.43;  elevation  20.43  above  the  zero 
the  gage.     The  relation  of  the  gage  zeros  has  not  been  determineil 

DiM'luirge  iiieaHurementH  of  Middle  Creek  near  Bozeman^  Mont. 


Date. 


Hydn»Krapb«r. 


h?fg^t.      I^J-»-' 


1902. 
May  7 ;  J.  S.  Baker. . . 

Do do 

Do--- do 

June  4 A.  P.  Stover. . 

Do do 

Jnne  19 do 

July  9 do 

July  17 H.  B.  Waters. 

August  12 ,  A.  P.  Stover  . 

September  11 H.  B.  Waters 


Fett. 

1.02 
1.08 
1.12 
1.45 
1.45 
1.40 
1.25 
1.30 
1.00 
.81 


Stfctynd-j 


Ikiily  gage  height ,  in  feet,  of  Middle  Creek  near  Bozetnan^  Mont. 


I  '  !  •  ' 

Day.        .May.  June.  July.  Aug.  Sept.  (Vt. 


Day.        1  May.  June.  July.  Aug.  Sept.  O 


—   ...   - 

-  - 



— 

-■ 

IttK. 

1 

1902. 

1 

L.'iO 

1.10 

O.iW 

0.85 

17 

..    1.50 

l.tiO 

i.:r, 

l.Oll 

0.80   ... 

2 

•-I 

l.W 

1.50 

1.10 

.90 

.85 

18 

..    1.40 

1.50 

i.:)0 

1.00 

.80;-.. 

8 

..1 

i.a) 

1.50 

.K5 

.85 

19 

..  i.:«) 

i.:.o 

1.25 

.90 

.80    ... 

4 

.1 

1.40 

1.45 

1.10 

.«5 

20 

..   1.:*) 

1.45 

.90 

.80   ... 

r> 

1 

1.40 
1.40 

1.45 

1.50 
1.50 

.85 
.80 



!  21 

'  22 

1.5<) 

1.25, 
1.25 

.90 
.90 

« 

..i 

.8l>  '... 

7 

1.50 

1.40 

i.:r) 

1.50 
1.50 

\zi 

24 

..   l.:{0 

..     1.40 

l.GO 
l.fJO 

1.25 
1.25 

.90 

81) 

8 

.80 

.81)  1... 

tt 

l.«0 

1.H5 

1.00 

.80 

25    

..    1.40 

i.<r> 

l.a-, 

.90 

.85    ... 

10 

l.HO 

l..T» 

.80 

»{ 

..   ].ri) 

l.«0 

1.30 

.91) 

.85  ,... 

11 

1.90 

1.35 

1.00 

.80 

27 

..  }.m 

I.(K) 

.90 

.8;')    ... 

12 

l.HO 
1.70 

1.:^) 

1.00 

1.00 

.80 
.81) 

28 

29 

..    1.70 
..    1.70 

1.50 

1.15 
1.10 

.90 
.90 

W  

.S-.  .. 

14 

. .    « " ) 

l.W 

i.:)o 

1.00 

:«) 

..    1.70 

1 .  50 

1.10 

.90 

.85    .. 

15 

.-  i.«i) 
..  i.r^) 

1.70 

i.:)o 
i.»> 

1.00 
1.00 

.80 
.80 

:n 

..    1.80 

1.10 

16 

! 

<»()l)Mervor  did  not  n^ad  ^chk*'  <ni  Sundayn. 
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Di,>-^lf^-      hSX     DbM-hHTge.   ;   ^«-|Ei      Di»c-harg«.;    ^^^      DWharg^ 


Secxnvi-feet. 


I 


I 


49 
58 
6<) 


Feet. 
1.1 
1.2 
1.3 


I  Secoud-fvet.  ' 

72     I 

ii 

88     J 
107 


Feet. 
1.4 
1  5 
1.6 


,  Sei^nd-feet. 
136 
181 

I  226 


Feet. 
1.7 
1.8 
1.9 


J 


I  Seconfi'/eet. 

i 

271 

I  316 

361 


imated  monthly  dlaeharge  of  Middle  Creek  near  Bozemun,  Mont,*'' 
[Draina^  area,  55  Hqtian*  iniloH.] 


!99. 
^1 


02. 
31- 


DuH^harKo  in  secrmd-feet. 


M<^n. 


195 
270 
429 
172 

65 

53 

52 

164 
504 
334 

104 

57  I 
49! 


rmth. 

Maximum. 

Minimum. 

198. 

o30       

466 

956 

298 

77 

118 

153 

88 

57 

r 

57 

48 

to  21 

760 
564 
153 

77 
66 


I 


361 

181 

181 

53 


2,32 

153 

66 

48 
48 


122 
72 
53 
49 


Tf)tal  in 
a<Te-feet. 


I 


180 

221 

116 

74 

50 


Kiin-off. 


Set'ond-feet  I  rLu«f i, «« 


5,018 
16,610 
25,521 
10,586 
3,989 
3, 178 
2,255 

8. 150 

29, 982 

20,559  j 

6, 383 

3,414  ! 

2,9H7 : 

6,069 
13,150 
7, 133 
4,564 
2.975 


3.55  I 
4.91  ! 
7.80 
3.13  I 
1.18 

.96  ! 

.95 


I 


2.98 
9.16 
6.07 

1.89 
1.04 

.89 

3. 27 
4.02 
2.11 
1.35 
.91 


1.72 
5.66 
8.70 
3.61 
1.36 
1.07 
.78 

2.77 
10.22 
7.00 
2. 18 
1.16 
1.03 

2.07 
4.49 
2.43 
1.56 
1.09 


rtThe  results  for  1898  and  1899,  as  previously  published,  were  in  error. 
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MADISON  RIVER  NEAR  REDBLUFP,  MONT. 


[  jfo.  8i 


This  station  is  located  at  the  ranch  of  the  observer,  Mrs.  S.  A.  Black, 
4  miles  below  the  lledbluff  iron  county  bridge  over  the  Madison,  and 
about  1^  miles  below  the  mouth  of  Cherry  Creek.  It  is  also  about  3 
miles  below  the  location  of  the  old  Redbluff  station,  described  in 
Bulletin  No.  131,  on  page  18.  It  was  established  May  2, 1897,  at  which 
time  the  one  at  Threeforks  was  discontinued.  The  vertical  gage  is 
fastened  to  a  post  set  firml^^into  the  bed  of  the  river,  and  braced  with 
cross-piec«8  from  the  bank.  Discharge  measurements  are  made  from 
the  iron  bridge  above.  Cherry  Creek  is  measured  at  the  same  time, 
as  it  enters  between  the  gage  and  the  bridge.  The  initial  point  for 
soundings  is  at  the  left  abutment  of  the  bridge.  The  banks  are  high 
and  do  not  overflow.  The  bed  of  the  stream  is  rocky  and  the  current 
is  quite  swift.  The  following  are  the  discharge  measurements  mad« 
during  1902  by  II.  B.  Waters: 

April  29:  Gage  height,  1.40  feet;  discharge,  1,485  second-feet. 

July  18:  Gage  height,  1.74  feet;  discharge,  2,403  second-feet. 

July  18:  Gage  height,  1.74  feet;  discharge,  2.426  second-feet. 

September  4:  Gage  height,  1.31  feet;  discharge,  1,424  second-feet. 

Daily  gage  height ^  in  feet^  of  Madison  River  near  Redbluff,  Mont, 


Day. 

19CK. 


Mar.      Apr.      May.  j  June.     Jnly. 


(«) 


(n) 


8. 

». 
10. 
11. 
12. 
13. 
14. 
15. 
18. 
17. 
18. 
19. 
20. 
21. 

Zi. 
24- 
25. 
26. 
27- 
28. 
29. 
30. 
81. 


(") 


('« ) 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00  I 

1.0l>  I 

l.(X)  • 


1.00  ' 

i.a)  I 

1.20  I 
1.20  I 
1.20  I 

i.:«  , 

1.80 
1.30 

1.:*) 
1.:* 

1.30 
1.30 

i.a) 

1.30 
1.30 
1.30 
1.30 
1.35 
1.35 
1.40 
1.40 
1.40 

i.m 

1.40 
1.50 
1.50 
1.50 
1.50  ' 
1.50  I 
1.40  , 


.v»  I 


1.40  I 
1.40 
1.40  I 
1.40 
1.40  I 
1.43  I 
1.45  I 
1.50  i 
1.50  i 
1.50  j 

i.eo 

1.70 
1.80 
1.90 
2.06  ' 
2.20  ' 
2.20  I 
2.20  I 
2.17  , 
2. 10  ; 
2.01 
1.90  ' 
1.90  ' 
1.90  ! 
2.00  ! 
2.15  I 
2.40 
2.(50  I 
2. 70  ' 
2.85 
3.00  I 


3.00 
3.00 
2.75 
2.51 
2.50 
2.45 

2.:« 

2.35 

•>    KS 

2.86 
2.95 
2.95 
2.90 
2.90 
2.80 
2.60 
2.35 
2.25 
2.10 
2.20 
1.90 
1.90 
1.95 
2.00 
2.00 
2.10 
2.00 
1.90 
1.90 
1.90 


1.95 
2.00 
2.00 
2.10 
2.(X) 
2.00 
1.96 
1.90 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.70 
1.70 
1.70 
1.70 
1.60 
1.55 
1.50 


Aug.  I  Sept. 


1.40 
1.40  I 
1.40  I 
1.35  I 
1.30  I 
1.30  j 
1.30  I 
1.30 
1.30  I 
1.30  i 
1.30  , 
1.30  i 
1.30, 

i.:«) 
1.30  ' 
1.30  I 
1.30  ! 
1.30  I 
1.30  I 
1.30  I 
1.30  I 
1.30  I 
1.30  i 
1.20  , 


1.50 

1.20 

1.50 

1.20 

1.50 

1.20 

1.50 

1.20 

1.45 

1.80 

1.40 

1.20 

1.40 

1.90 

1.30 

i.ao 

1.30 
1.30 
1.30 
1.30 
l.ar) 
I.ao 

1.80 
1.30 

I.ao 

1..30 
1.30 
1.30 

I.ao 
I.ao 
I.ao 
I.ao 
I.ao 
I.ao 
I.ao 
I.ao 
I.ao 
I.ao 

1.30 

I.ao 
I.ao 

1.80 

I.ao 

1.80 


Oct.      Not. 


1.31) 

I.ao 

1.30 
1.80 
1.30 
1.80 
1.30 
1.30 
1.30 
1.30 
1.30 

I.ao 

1.30 
1.30 

I.ao 
i.ao 

1.30 
1.30 

I.ao 

1.80 
1.80 
1.30 

I.ao 

1.80 
1.30 
1.80 
1.30 
1.80 
1.80 
1.80 
1.80 


i.ao 

1.89 
1.80 
1.90 
LdO 
L» 
t» 
LS) 


a  River  frozen  »t  guge  January  1  to  March  23,  and  November  « to  December  81. 


(TEWELL.] 
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Rating  table  for  Madison  River  near  Redblvff,  Mont,,  for  J9f)J. 


Gasre 
height. 

Dii*<;harifc. 

Gage 
heiiflit. 

Diachargf. 

Feet. 

Senmd-fret. 

Feet. 

Sectnid'feet . 

1.0 

1             910 

1.6 

2,075 

1.1 

1         1.025 

1 

1.7 

2,325 

1.3 

1,175 

1.8 

2,600 

l.li 

•       1,360 

1.9 

2,880 

1.4 

1,570 

2.0 

3.160 

1.5 

1       1,815 

i 

2.1 

3,450 

Gage 
height. 


DiHcharge. 


Feet. 
2.2 
2.3 
2.4 
2.5 
2.6 


Secxmd-feet. 
3,745 
4,035 
4.345 
4, 655 
4,935 
5,230 


Feet. 

2.8 
2.9 
3.0 
3.1 


Ser«md-/eet.\ 

I      5.540 

I       5, 840 

6, 140 

I       6,440 


Eutinuited  monthly  discharge  of  Madison  River  near  Redhluff^  Mont, 
[Drainage  area,  2,086  wiuare  miles.] 


I 


Discharge  in  second-feet. 


Mouth. 


1902. 


Maximum. 


Marcli  2;^  to  31  . . 

April 

May 

June .  

July 

Angust 

September 

October 

November  1  U)H. 


2,075 
6,140 
6,440 
3,450 
1,570 
1,360 
1,360 


Minimum.      Mean. 


910 
1,570 
2,880 
1,570 
1,175 
1,360 
1,360 


Run-off. 


910 
1,436 
3,001 
4,336  I 
2,435  , 
1,361 
1,360  ' 
1,360 
1,360 


Total  in 
acre- feet. 


16,245 

85,448 

184,524 

258,010 

149,722 

83,685 

80,926 

83,623 

21,580 


,  Heeond-feet 
per  square 


0.44 
.69 

1.44 

2.08  ! 

1.17  ' 
.65  I 
.65 
.65 
.65 


Depth  in 
insheH. 


0.15 

.77 

1.66 

2.32 

1.35 

.75 

.73 

.75 

.19 


JEFFERSON   RIVER  AT  SAPPINGTON,  MONT. 

The  .Station  on  this  river  is  located  at  Sappington,  7  miles  above 

^Villow  Creek,  and  was  established  by  Arthur  P.  Davis  November  13, 

1^''4.    The  wire  gage  is  fastened  to  the  guard  rail  on  the  upper  side 

of  the  Northern  Pacific  Railway  bridge,  1  mile  north  of  the  railroad 

station.     Bench  mark  No.  1  consists  of  a  G-incli  wire  nail  driven 

horizontally  in  the  east  side  of  the  blocking  which  forms  the  south 

^hutment  of  the  railroad  bridge  and  is  0.1)0  feet  above  gage  datum. 

^nch  mark  No.  2  is  a  6-inch  wire  nail  in  a  telegraph  pole,  about  30 

f^et  south  and  east  of  the  south  abutment  of  the  bridge,  and  is  at  an 

^^evation  of  7  feet  on  the  gage.     Bench  mark  No.  3  is  the  head  of  the 

Northwest  bolt  fastening  the  switch  standard  to  the  cross-tie,  30  feet 

^^t  of  the  bridge.     Its  elevation  is  15.07  feet.     On  November  3,  1897, 

^ho  rod  was  lowered   eight-tenths  of  a  foot,  the  subsequent  years 

•^ing  adjusted  to  the  new  datum,  but  the  balance  of  1897  was  cor- 

^^eted  to  agree  with  old  datum,    Pischarge  measur^m^ula  at^  m^^ 
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[KO. 


from  a  cable  and  oar  iiist^illtKl  a  short  distance  above  the  bridge.    Tl 
following  measurements  were  made  during  1902  by  H.  B.  Waters. 

April  U\:  Gage  height,  2.10  feet:  discharge,  l,!-^    -■  >  ntirl  feet 
May  27:  Gage  height,  4.90  feet:  <li»charge,  5,940  second-feet. 
July  1."):  Gage  height,  2.99  feet:  discharge,  2,534  second-feet. 
August  1.  (iiiiii^  li^  ii^lit,  2.03  feet;  discharge,  1,137  second-feet. 
August  29:  Gage  height,  1.67  feet;  discharge,  66:^  second-feet. 

Daily  ga{fe  height,  iufeet,  of  Jeffernou  River  at  Sapjnngton,  Mont. 


Day. 


\9i&. 


I  Jan. 


Feh.  .  Mar.     Apr.  ,  May.  j  June.  July. 


AuK.  j  Sept.  I   CVt.  '  Nov. 


:i3r>  1 


6 '''3..')0 

« 

7 1 

8 ■ 

» ' 

li.'^)   

1 

10. 

11. 

12. 
13. 
14. 
15. 
1«- 
17. 
IH. 
19. 

a). 

21 

22- 

Zi. 

24. 

25. 

2«. 

27 

3H. 

29. 

30. 

31  . 


J I. 

.  ^3.30  |. 


I 


3.40 


.3.40 


""1 


-I- 


2.m  , 

1.90 


l.HO 
1.JS5  ' 
2.00 
2.  (JO  1 
2.10 
2.20  ^ 
2. 10  . 
2.20  ' 
2.10 
2.20 
2.25 
2.10 
2.00 
2.20 
1.85 
2.00 
2.10  I 
2.10 
2.20  1 
2.40  , 

3.(iO  I 
Ji.flO 

:i(50  ' 
:i:i5 

3.30 

3.:*) 
3.30 
:i20 


3.20 

:i2o 
3.30 

:i20 

3.  M) 

:ioo 

2.90 
2.90 
3.25 
3.  .55 
3.85 
4.05 
4.10 
4.30 
.4.65 
5.20 
5.50 
5.40 
5.10 
5.00 
5.  W 
4.80 
4.(50 
4. 75 
4.8(1 
4.8(1 
4.85 
5. 15 
5.(5(» 
(K25 
(5.(10 


H.50  I 
«.50  ^ 

♦j.:io  , 

5.90  ! 

5.:fi 

5.10  i 
4.70 
4.55  I 

4.«0  j 
4.70 
6.10 
5.10  ' 
5.10 
5.10 
4.95 
4.7(J 
4.10  ' 
:j.80  I 
3.55  I 
3.45  , 
H.3..  , 
:120 

3.20  ' 
3.20  I 
3. 15  I 
3.  \U  j 
3. 10 
3. 10 
:{.  20 


3.20 
3.20 
3.20 
3.55 
:190 
4.20 
4.10 
3.85 

:}.eo 

3.65 
3.30 
3.30 
3.16 
3.00 
2.95 
2.75 
2.70 
2.ft5 
2.(J5 
2.8r> 
2.70 
2.(« 
2.50 
2.50 
2.40 
2.:i5 
2.20 
2.20 
2.20 
2.1(1 
2.10 


2.15 

2.00 

2.00 

1.90 

l.HO 

1.80 

1.45 

1.35 

1.4.5 

l.flO 

1.50 

1.50 

1.65 

1 

1.70 

1.70 

1.70 

1.80 

1.80 

1.90 

i.a5 


70  ! 

ni  i 


1.60 
1. 61) 
1.40 
1..55 
1.60  ' 
1.60 

1.65  ] 
1.70 
1.70 
1.70 
1.65 
1.60 
1.60 
1.60' 
1.60  I 
1.60  ' 
1.60  1 

1.66  : 
1.70, 
1.70 
1.70  ' 


1.80 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.76 

1.70 

1.80 

1.70 

1.80 

1.60 

1.80 

1. 00 

1.80  I 

l.HO 

1.80  I 

1.80  I 

1.85 

1.90  I 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

2.00 

2.0l» 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00  I 

2.00 

2.00  ^ 

2.00 

2.10 

2.10  I 

2.10  I 

2.10 

2.10 

2.10 

2.10 


2.10 
2.10' 
2.10 
2.15 

2.  a) 

2.20 
2.30 
2.30 
2.80 
3.30 
3.35 
3.80 
3.30 
3.35 
3.40 
3.4(» 
3.40 
2.40 
2.  .VI 
2..5l> 
2.45 
2.40 
2.30 
2.:)0 
2.30 
2.30 

2.:jo 

2.30 
2.30 
2.30 


'«  W^eekly  observation.s  during  January,  February,  and  March.  '»lce  at  ga^. 

Rating  fahh'  for  Jefferson  Rinr  at  Sappington.  Mont.^  for  190:^, 


Gage 
height. 

Diwharge.       j^ 

FeH. 

Sfcuud-feet. 

1.4 

510 

1.0 

r),s5 

l.H 

H17t 

2.0 

1.090 

2.2 

1,335 

2.4 

1,610 

2.6 

1,915 

Gage 
height. 

2.S 
3.0 
3.2 
3.4 
3.  0 
3.S 
4.0 


Diwhar;^**. 
Svcmd-fert 

2,  230 

2,  550 
2,870 
3, 205 

3.  550 

3.  905 

4.  270 


Fvi't.      I  Stcond-feet. 


Gai 

heigl 


gf^    '  Diachargt 


4.2 
4.4 
4.(i 
4.S 
5.  0 
5.  2 
5.4 


4,040 
5. 000 
5, 365 
5,  750 
r>.  140 
0. 525 
6,915 


Feet. 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 


Secondrfei 
7,305 
7,695 
8,085 
8,475 
8,8e5 
9,25.1 
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itiniated  monthly  discliarge  of  Jefferson  River  at  Sapphigton^  Mont. 
[Drainage  area,  8,984  aquare  miles.] 


Discharge  in  Hecond-feet. 


Month. 


1902. 


Maximnm.    Minimum.      Mean. 


t  ... 
iber 
r... 
iber. 
ber. 


Rnn-oflT. 

Total  in 
acre-feot. 

Second-feet 

per  square 

mile. 

Depth  in 
inches. 

111,570 

0.21 

0.23 

:W9, 160 

.56 

.65 

302,340 

.57 

.64 

153,842 

.28 

.32 

49, 252 

.09 

.10 

43,974 

.08 

.09 

65,115 

.12 

.14 

86,876 

.16 

.18 

100,225 

.18 

.21 

MiscellaneouH  inefMuretnents  in  Missouri  Rwer  drainage  basin, 
ade  by  B.  E.  Forbes,  J.  C.  Stevens,  Adna  Dobson,  A.  B.  Crane,  and  H.  B.  Waters.] 

NEBRASKA. 


Date. 

stream. 

L<j<»lity. 

Dis- 
charge. 

1902. 
;9 

Long  Pine  Creek 

Minnechadnza  Creek  . . 

do 

do 

do 

do 

do 

do 

do 

do 

.    Long  Pine 

Sec'/eet. 
49.7 

22 

. .    Valentine 

38.1 

1 



1 

..,  Sec. 29, T. 35, R. 30  W  ... 

..    Sec.2,T.34,R.80W 

..    Sec.8,T.34,R.29W 

..1  Sec. 30, T. 34, R. 38 W  .... 
. .    Valentine 

-,  -  -1" 

do 

do 

do 

. .  1  Fort  Niobrara 

..;... ..do..... 

..!  W.  line  sec.  26,  T.  29,  R. 
46  W. 

.  - 1  Fort  Niobrara 

do 

do 

14.9 
17.3 
26.0 
83.8 
38.8 
23.1 
27.4 
22.7 

t;  20         

do 

23.8 

22 

Niobrara  River 

1.226 

2 

do 

877 



5 

do 

do 

25.4 

588 

do 

714 

^ 

do  .... 

705 

White  River    

do 

Sec. 34, T. 32, R. 52 W  ...- 
Sec. 25, T. 32, R. 52 W  ... 
. .    Sionx  Falls,  S.  Dak 

64.9 

k  20 

10.4 

iberS 

Big  Sioiix .   

3 4 

V        4ftA 

ms  84— p 
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Rating  table  for  Gallatin  River  at  Logan,  Mont,,  for  190i, 


llKI.8i. 


Gaflre 
height. 

Discharge.  \ 

1 

Gage 
height. 

DiMcharge. 
Second-feet 

height. 
Feet. 

I  Diflcharge. 

I 

1  Second' feet. 

he^t. 
Feet. 

1 
DiBcbargB. ' 

^V*'^ 

'  Second-feet. \ 

Feet. 

1 

0.2 

1            356 

1.4 

780      , 

2.6 

1        1,965 

3.8 

8,520    , 

.4 

870     ■ 

1.6 

040 

2.8 

1      2,200 

4.0 

3,880    , 

.6 

1          400 

1.8 

1,120 

3.0 

1      2,440 

4.2 

4,125 

.8 

!          450    ' 

2.0 

1,315 

3.2 

1      2, 700 

4.4 

4,480 

1.0 

1          580 

2.2 

1,520 

3.4 

,      2,960 

1 

1.2 

1          650 

1 

2.4 

1,735 

3.6 

3,240 

1 

Estinuited  monthly  discharge  of  Gallatin  Rix^r  at  Logan,  Mont. 
[Drainage  area.,  1,8(16  Hquare  luileH.] 


Month. 


Diiicharge  in  Hecond-feet. 


j 
Maximum.  !  Minimum.      Mhhu. 

I  I 


Run-off. 


Total  in  i 

a<'re-feet.      8eeond-feet|  tv»«*i»  in 


780 


I 


T 


560 


1902.  , 

January  5  to  18- . . 

February  16  to  28 

March 

April  1  to  12 

May  4  to  31 

Junelto28 2, 

Julyl4to31. 


August  _-. 
September 
October . . . 
November . 
Decemlier  . 


450 
590 
590 

780 
3, 240 


382 
^56 
590 
590  i 
530        1 


530 
576 
678 
710 
328 
775 
599 
410 
399 
590 
679 
4r»5 


14, 
14. 
41, 
16, 
129, 
154, 
21, 
25, 
23. 
36, 
40. 
iK), 


717 

856 
693 
899 
291 
136 
398 
206 
742 
278 
383 
079 


0.29  I 

.32  I 

.38  I 

.39  I 

1.29 

1.54 

.m 

.23 
.22 
.33 

.81  , 


O.l.'i 
.15 
.44 
.18 

1.60 
.2^ 
.2T 
.2.*^ 
.99 
.43 
.9» 


I 


WEST   (lALLATIN   RIVER   NEAR   SALESVILLK,   MONT. 

The  Salesville  station,  which  has  Ikhmi  maintained  for  a  number  o^ 
years,  was  establislied  near  Williams's  rancli,  about  IG  miles  south^ 
west  of  Bozeman   and  near  a  highway  bridge  crossing  the  streanC^ 
about  5  miles  south  of  Salesville.     A  gage  rod  was  erected  in  July^ 
1895,  and  observations  were  begun  on  August  1  by  Ira  T.  Williams^ 
a  ranchman  living  about  6(X)  feet  away.     The  gage  is  spiked  to  ar 
tree  and  is  not  liable  to  be  washed  out.     The  bench  mark  consists  of 
a  6-inch  spike  driven  in  the  top  of  a  stump  5  feet  noilh  of  the  gage 
post.     It  is  0.71  feet  al)ove  the  zero  of  the  gage,  as  lowered  6  feet 
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from  the  original  position.  A  second  bench  mark  consists  of  a  6-inch 
spike  driven  into  the  east  bridge  abutment.  This  is  9.20  feet  above 
the  zero  of  the  gage.  The  initial  point  for  soundings  is  on  the  right 
bank.  In  flood  the  water  flows  behind  the  bridge  abutments  on  the 
right  bank,  but  at  other  times  is  confined  within  the  channel.  The 
bed  of  the  stream  is  composed  of  bowlders  and  is  not  liable  to  change. 
The  velocit}'  is  great,  rendering  discharge  measurements  somewhat 
difficult.  The  channel  is  nearly  straight,  with  slight  curves  both 
above  and  below.  Two  canals  are  taken  out  alK)ve  this  station,  the 
West  Gallatin  Company  carrying  about  125  second-feet  between  July 
1  and  September  15,  and  the  Kleinschmidt  carrying  about  50  second- 
feet  between  July  1  and  August  15.  In  September,  1890,  a  wire  gage 
vras  placed  on  the  bridge,  the  pulley  being  fastened  to  the  end  of  the 
rod  opposite  the  0. 15-foot  mark.  The  distance  of  the  end  of  the 
weight  to  the  index  marker  is  15.50  feet.  The  two  gages  were  made 
to  read  the  same. 

The  bench  mark  for  the  wire  gage  is  tlie  head  of  the  southwest 
bolt  in  the  rim  of  the  southeast  cylindrical  pier.  Its  elevation  is 
13.70  feet  above  datum.  The  observer  is  Ira  T.  Williams,  Salesville, 
Mont. 

Dimharge  mewtnremeiitH  of  West  Gallatin  River  near  Saletnnlle,  Mont. 


Date. 


April  28. 
Junes 

Do 

June  9 

June  U 

June  24 

Do 

July  10 

JnlylT 

August  13... 
^tembcr  4 . 


1902. 


Hydrographer. 


H.  B.  Waters 
A.  P.  Stover 
do 


do 

do 

do 

do 

do - 

H.  B.  Waters 
A.  P.  Stover 
H.  B.  Waters 


OaKe 
height. 

Feet. 

2.m 

5.  30 
5.  80 
ft.  12 
T).  30 
r>.  05 
5. 05 
4.25 
4.14 
3.  30 
2.  SO 


DiBcharKe. 
S*'V'm(l-feet. 

373 
2, 629 
2,606 
4,361 
4,768 
2. 778 
2,779 
1,074 
1,348 
627 
433 
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Ddily  yage  height,  in  feet,  of  Elkhorn  RixHi'  near  Arlington,  Nebr. 


Day. 


Mar.      Apr.    j  May.     June.     July,  i  Aug. 


I 


J. 


19Q2.  ' 

I- I ' 

2 I 

3 1 

4 1 

5 ' 

6 ' I 

^ ' , 

8 

9 (")  ! 

10 '  3.74  I 

11 i  3.34 

12 3.17  I 

18 '  3.19  , 

14 1  3.36  I 

16 '  3.37  j 

16 ]  3.02 

17 3.83  I 

18 '  («)  j 

W I    (•>) 

20 2.25  I 

21 1  2.32  I 

22 1  2.71  ! 

28 2.67  I 

24 •. '  2.42  I 

25 1  2.35  j 

26 .1  2.36 

27..... '  2.28  I 

28 1  2.22  1 

29 j  2.23 

30 2.21  j 

31 1  2.18  ,. 


2.24  I 
2.39  I 
2.51  I 
2.73  I 
2.8» 

2.83  ' 

2.76  I 
2.67 
2.62  ' 
2.50 
2.39 
2.32 
2.21 
2.12 
2.13 
2.12 
2.07 
1.98 
1.96 
1.91 

1.84  ' 
1.80  I 

1.77  i 
1.79  I 
1.75  ' 
1.82  I 
l.»2  ' 
l.«i  1 
2.11 
2.65  ' 


3.20 
3.23 
3.:» 
3.12 
2.71 
2.44 
2.31 
2.23 
2.15 
2.14 
2.08 
2.00 
2.01 
2.02 
1.08 
1.88 
1.87 
1.82 
1.77 
1.75 
1.80 
1.85 

i.m 

1.98 
2.W 
1.95 
1.89 
1.92 
1.90 
1.94 
1.90 


1.90 


1.88 
1.82  ' 
1.72  I 
1.82  I 
1.88 
1.75  ' 
1.74 

1.90  ; 
2.85 
2.76 
2.80  I 
2.31 
2.14 
2.10  I 
1.93 
1.82' 

1.91  I 
2.27 
2.44 
2.15  1 

1.92  1 
1.81 
1.75 
1.72  ' 
1.61  I 
1.60 
1.58 
1.70  , 
1.74 


1.80  i 

1.99 

2.20 

2.85  ' 

3.57  ' 

5.80 

6.17  I 

5.90  ' 

8.16 

9.10 

8.78 

7.65 

7.66 

7.41 

6.10 

5.85  I 

5.52 

6.11 

:.ul 

7.15  I 

6.92 

6.50 

5.09 

4.71 

4.06 

4.30 

4.22 

3.86 

3.51 

3.12 

3.66 


Sept.    '    Oct.       Nov.     De<'. 


4.95 
4.15 
3.37  I 
3.00  j 
2.75  j 
2.56 
2.35  ' 
2.21 
2.14 
2.00 
1.95 
1.82 
1.88 
1.81 
2.25 
4.97 
5.50  I 
4.29  I 
3.69 
3.08  , 
2.70  ' 
3.80  I 
3.44  I 
3.90  ' 
4.18  I 
4.57 
5. 18 
5.23  I 
5.06 
5.67 
3.90  ' 


I 
3.47 
3. 12  ' 
2.80 
2.64  I 
2.52 
2.40 
2.24 
2.20 
2.17 
2.00 
1.97 
1.94 
1.90 
1.80 
1.76 
1.72  !* 
1.68 
1.61 
1.66 
1.54 
2.06 
2.60 
8.26 
3.50 
3.58 
3.40 
3.45 
3.57 
3.46 
3.92 


I 


I 

4.20  I 

5. 15 
5.07 

4.  HO ; 

4.73  ! 
4.60 
4.30  I 
4.26  ' 
4.17  ' 
4.06  I 
4.01 
4.64' 
5.14  I 
6.10 
4.71 
4.28  I 
4.02 
3.86  ' 

aT2  j 

8.66 
8.49  I 
3. 42 
8.30 
a20 
3.22  I 

3.16  ' 
3.06  I 
2.96  I 
2.96 
2.91  ' 
2.82  , 


2.88  I     ill 

2.86  2.10 
2.76     I" 

2.72  

2.67  

2.63  

2.58  I 

2.60'. 

2.58  I 

2.88  I 

2.62  ! 

2.87  j 

aao 

3.16  

2.88  

2,76  

2.64  

2.58'. 

2.65, 

2.47  .- 

2.50,. 

2.47...- 
2.46  .--• 
2.36  ..— 
2.32  I..--- 
2.28  ..-- 
2.26'.--- 
2.24  |.-  - 
2.14  ..-- 


«  Operations  diHcontinued  from  January 
of  ice. 


1  to  March  10,  and  from  December  3  to  31,  on  acco*^ 


Rating  table  fo^r  Elkhorn  River  near  Arlington,  Nebr.,  for  liH)3,<^ 


Oage 
heiKbt. 

1               ! 

Di.s(;harge. 

Gage 
height. 

Diw.hargo. 

Gage 
height. 

Di«<'harge. 

Gage 
height. 

DiMcharge  - 

Feet. 

\  Second- fret . 

Fret. 

Serond-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feef 

1         0.4 

238  1 

2.0 

740 

3.(5 

1.706 

5.2 

3,398 

i            -^ 

1            270  1 

2.2 

838 

8.8 

1.882 

5.4 

8,656 

'          .8 

;      ^  1 

2.4 

982 

4.0 

2, 067 

5.6 

3,925 

1        l.O 

1        ''•"•  1 

2.0 

1.087 

4.2 

2,208 

5.8 

4.208 

'         1.2 

435  1 

2.8 

1,149 

4.4 

2,469 

6.0 

4,494 

1.4 

501  1 

8. 0 

K268 

4.0 

2.686 

6.2 

4,797     ' 

i.r> 

1            574 

:i2 

1,898 

4.8 

2,913 

1 

l.H 

654  1 

8.4 

(         1.542 

1 

5.0 

8, 150 

1 

<»Thi»  table  was  applied  indirectly  according  to  the  method  outlined  on  p.  323  of  Nineteeni 
Ann.  Rept.,  U.  S.  Geol.  Surv.,  pt.  4. 
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Efdimated  monthly  discharge  of  the  Elkhorn  River  near  Arlington,  Nebr, 
[Drainage  area,  5,9H0  square  miles.] 


Month. 


Run-off. 


Depth  in 
inchPH. 


ELKHORN  RIVER  NEAR  NORFOLK,  NEBR. 

The  gaging  station  established  July  16,  1890,  is  located  about  2 
miles  south  of  Norfolk,  Nebr.,  near  the  line  of  Thirteenth  street 
extended.  The  gage  is  on  the  left  bank  of  the  river.  It  consists  of 
an  inclined  oak  piece,  2  by  4  inches,  12  feet  long,  resting  on  beveled 
blocks  which  rest  in  turn  on  horizontally  bedded  cross-ties.  All  are 
finnly  fastened  together  by  lag  screws.  The  zero  of  the  gage  is  8.21 
feet  below  a  small  spike  driven  horizontally  into  a  tree  near  the  root, 
about  20  feet  back,  and  downstream  from  the  gage.  Also,  the  zero 
of  the  gage  is  3.96  feet  below  the  head  of  a  lag  screw  which  is  placed 
vertically  in  the  horizontal  trunk  of  a  large  living  willow  tree  which 
overhangs  the  stream  about  15  feet  below  the  gage.  Bench  mark  3  is 
a  standard  4-foot  iron  pipe  of  the  United  States  Geological  Survey, 
located  35  feet  west  and  7  feet  north  of  the  top  of  the  gage,  and  15.5 
feet  west  of  the  ash  tree  on  which  is  bench  mark  1.  Its  elevation  is 
10.70  feet  above  the  zero  of  the  gage.  The  observer  is  Harold  Taft,  a 
fanner  boy,  whose  home  is  about  300  yards  from  the  gage.  The  river 
bed  at  the  station  is  composed  of  sand  and  mud. 
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Disdiarge  ineamirementu  of  Elkhorji  River  near  Norfolk,  Nebr, 


Date. 


Hydrographt»r. 


1902 

March 21 i  J.C.Stevens 

AprillS ' do 

May  12 do 

June  16 do 

July  3 do 

Jnly26 1 do 

Angii8t22 _.J do    

September  29 J do  . 

November  14 _ ' do 


SSi.  ^^^ 


heigl 


Feet. 

Seci>nd-feft. 

2.39 

570 

2.22 

534 

2.16 

m 

2.54 

551 

4.36 

1,376 

2.45 

475 

1.78 

296 

5.65 

2,497 

2.34 

502 

Daily  gage  height,  in  feet,  of  Elkhorn  River  near  Norfolk,  Nebr, 


Day. 

'   Mar. 

1 

Apr. 

,   May. 

June.  1 

1 

July. 

Aug. 

Sept. 

Oet. 

1  Nov. 

1 

1902. 

' 

1 

2.95 

2..% 

1 
2.50  1 

1.90 

1.90 

2.% 

.5.92 

1 

2.88 

2 

3.25 

2.eo 

2.35  1 

3.11 

1.90 

1      2.70 

5.76 

2.71 

3 

3.45 

2.80 

2.20  ! 

4.48 

1.85 

1      2.50 

5.62 

2.09 

4 

3.20 

2.55 

2.10  1 

4.00 

1.85 

1      2.40 

.5.35 

2.65 

6 

3.20 

2.55 

2.95  ' 

3.55 

1.83 

,      2.10 

4.T.i 

2.85 

6 

1 

2.97 

2.50 

3.(rr  1 

3.(6 

1.81 

1.90 

4.00 

2.W 

7 

2.90 

'      2.50 

2.50 

2.90 

1.80 

1.96 

4.39 

2.58 

8 

2.85 

1      2. 45 

2.5.">  ' 

2.72 

1.79 

1.97 

4.26 

2.58 

9 

('•; 

2.80 

2.40 

2.50  1 

2.80 

1.77 

1.95 

4.17 

2.47 

10 

'      2.5."i 

2.70 

2.30 

2.40  i 

2.85 

1.75 

1.99 

4.06 

2.47 

11 

2.00 

2.  .50 

2.25 

2.35 

2.86 

1.75 

2.00 

4.01 

2.43 

12 

2.«2 

2.32 

2.ao 

2.20  I 

2.«J 

1.7:^ 

2.01 

4.28 

2.30 

13 

,      «-5 

2.20 

2.20 

2. 10  ' 

2.90 

1.70 

2.00 

4.10 

2.21 

14 

!      2.72 

2.15 

2.15 

2.40  ' 

3.40 

1.08 

1.98 

3.88 

2.10 

16 

2.72 

2.16 

2.10 

2.40 

4.00 

l.«5 

1.98 

3.86 

2.L5 

Itt 

(«> 

2.12 

2.15 

2.70  ' 

3.85 

1.70 

1.90 

3.41 

2.(6 

17 

(") 

2.13 

2.20 

2.80  , 

3..V> 

1.70 

1.85 

3.01 

1.9M 

18 

!  ,") 

2.15 

2.W 

2.75 

3. 85 

1.73 

1.85 

2.97 

1.97 

19 

(«» 

2.13 

2.00 

2.70, 

3.(M) 

1.75 

1.84 

3.72 

i.»: 

20 

'    2.ttr) 

2.10 

2.80 

2.61 

3.44) 

1.75 

2.00 

3.06 

2.0a 

21 

'      2.52 

2.15 

2.85 

2.50 

3.25 

1.78 

2.35 

3.49 

2.(6 

22 

!      2.45 

2.10 

2.80 

2.30 

3.(fj 

1.80 

2.46 

3.42 

2.(» 

23 

i      2.42 

2.10 
2.01 

2.75 
2.75 

2.22  ' 

2.5X) 

2.85 

1.85 
2.00 

2.37 
2.06 

3.39 
3.29 

2AH 

24 

2.38 

a  1.12 

25...  . 

2.40 

2.00 
2.20 

2.70 
2.00 

1.8.5 

2.00 
2.49 

2.(W 

2.78 

2.83 
3.10 

3.22 
3.18 

al.22 

26 

'      2.40 

al.36 

27 

1      2.40 

2.:i5 

2.61 

1.82 

2.40 

2.90 

3.47 

8.06 

28 

2.45 

2.  ;*-> 

2.4;') 

2.01 
2.00 

1.80 
1.75 

2.00 
2.19 

3.(M) 
2.tjO 

4.89 
5.09 

2.90 
2.96 

29 

2.38 

30 

'      2.35 

2.50 

2.55 

1. 75 

2. 10  1 

2.10 

5.94 

2.91 

81 

'      2.30 

• 

2.55 

2.(«) 

2.1(» 

2.82  i 

aOl«ervati«»UM  discontinued  from  Jan.  1  Ut  Mar.  9  and  fniiii  Nov.  27  to  Dec.  31  ou  a«'<*ount  of  ice- 
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Rating  table  for  Elkhorn  River  near  Norfolk ,  Nebr,,for  liH)2. 


b^^t. 

Discharge. 

Oage 
heiglit. 

Discharge. 

1  h^l 

1 

Discharge. 
Second-feet. 

Gage 
height. 

Discharge. 
Secand-feet. 

Fet!t. 

Second-feet. 

Feet. 

Second-feet. 

1 

Feet. 

Ftet. 

0.8 

140 

2.4 

498 

;          4.0 

1,324 

5.6 

2,480 

1.0 

162 

2.6 

575 

4.2 

1.444 

5.8 

2.660 

1.2 

192 

2.8 

668 

1        4.4 

1,570 

6.0 

2,840 

1.4 

.    227 

3.0 

763 

4.6 

1.704 

0.2 

3,020 

1.6 

270 

3.2 

860 

,        4.8 

1,843 

6.4 

3,200 

1.8 

319 

3.4 

971 

5.0 

1,987 

6.6 

3,380 

2.0 

^70 

1        3.6 

1,087 

5.2 

1 

2,m 

6.8 

3,560 

2.2 

425 

3.8 

1,205 

5.4 

2.300 

oThiA  table  was  applied  indirectly  according  to  the  method  outlined  on  page  '^i  o2  Nineteenth 
Ann.  Rept.  U.  8.  Geol.  Surv.,  pt.  4. 

Estimated  niontJdy  discliarge  of  tJie  Elklwrn  Rit'er  near  Norfolk,  Nehr. 
[Drainage  area,  2,474  sqnare  miles.] 


Month. 


1902. 
March,  18  days . 

April - 

May 

June 

July 

Angast 

September 

October  .  _ 

November  1  to  $ 


Discharge  in  second-feet, 
I 
Maximum.  ■  Minimum. 


1,028 

444 

778 

471 

840 

259 

1,462 

287 

729 

263 

2,750 

^      319 

2,597 

668 

-feet. 

Run-off. 

,    Mean. 

Total  in 
acre- feet. 

Second-feet 

Iter  Houare 

mile. 

Depth  in 
in<*heH. 

591 

21,100 

0.24 

0.16 

651 

38,730 

.26 

.29 

616 

37,870 

.25 

.29 

490 

29,154 

.20 

.22 

710 

43,6.50 

.29 

.33 

354 

21,764 

.14 

.16 

642 

38,200 

.26 

.29 

1,265 

77.770 

.51 

.59 

482 

21,990 

.19 

.16 

LOUP  RIVER  AT  COLUMBUS,    NEBR. 

Observations  at  this  station  were  begun  October  13,  1804. 

This  station  is  located  near  the  iron  bridge  of  th(»  ITnion  Pacific 
Railway,  just  west  of  Columbus,  Nebr.  The  observer  is  David  J. 
Mowerj',  who  lives  in  Columbus.  The  gage  is  50  yards  from  the 
bridge,  and  is  of  oak,  3  by  G  inches,  12  feet  long,  f listened  by  lag 
screws  to  a  pile,  which  forms  part  of  the  training  works  above  the 
bridge.  The  rod  is  vertical.  The  1 2-foot  mark  on  the  rod  is  7  feet 
l>eU>w  a  jwint  2  feet  east  of  the  third  panel  point  of  the  north  truss  of 
the  east  span,  counting  the  end  of  the  span  as  the  first  panel  point. 
Bench  mark  2  is  the  regulation  4-foot  iron  post  of  the  Ignited  States 
Geological  Survey,  placed  72  feet  east  of  gage  rod.  Its  (elevation  is 
13.27  feet  above  zero  of  gage,  (lagings  are  made  from  a  cable  which 
spans  the  stream  al>out  50  yards  above  the  bridge. 
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Discharge  m^aHurenients  of  Loup  River  at  Columbus^  Nebr, 


Date. 


Hydrufirrapher. 


1902.  I 

March  8 ,  Frank  Dobwm. 

April  13.... do 

May  11 -I do ..." 

May  22. _ \  J.  C.  Stevens 

June  1 do 

July  11 -...' do --.. 

August  10 -J do 

August  26 I do  .  - 

September  11 ' do 

October  5 J.  C.  Stevensand Ferd  Bonstedt. 


Gktffe 
height. 

DiBchar 

Feet, 

Se-Hmd-j 

5.79 

6, 

4.70 

2 

4.81 

o 

5.56 

4, 

4.85 

2. 

5.59 

6. 

6.10 

5.55 

6, 

4.48 

2, 

5.05 

3. 

Daily  gage  height y  in  feet,  of  Louj)  River  at  Columbtift,  Nehr,» 


Day. 


^  I  I  I  I 

I  Mar.      Apr.      May.     June.     July. 


1902. 


3 

3                1 

4 ' 

5                                            1      ... 

6                                       .  .  1 

7 1 

8 

1      5.79 

9 

. . '      5. 79 

10 

1      5.00 

11 

1      4.70 

12 

1      4.(J0 

13    . 

.  ,      4.70 

14 

;      4.80 

15 

4.80 

16 

4.80 

17 



4.70 

18 

'      4.70 

19 

'      4.60 

20 

'      4.60 

21 

'      4.64 

22 

'      4.05 

23 

1      4.68 

24 

1      4.70 

26 

4.80 

26 

1      4.JJ0 

27 

1      4.95 

28 

1      4.97 

29 

'     5  m 

80 '      4.80 

31 

'      4.70 

TO  I 


70 
70  ' 
7(1 
7(1 
70 
7(» 
15 
80 
80, 
80  , 
85  I 
15  I 
10  \ 
00  , 
90  , 


4.85  I 

4.95  I 

5.00  ' 

5.40  ' 

5.80  I 

5.90 

5.95 

5.00 

4.90 

4.85 

4.70 

4.65 

4.65 

4.60 

4.((0 

4.70 

4.65 

4.  ('.5 
5.00 
5. 40 
5.00 
4.1*5 
4.70 
4.80 
4.70 
i.W 
4.80  ' 
4.80  I 

5.  (JO  I 
5.00 


Aug.  I  Sept. 


6.00 
6.60 
6.80  I 
6.10  I 
6. 10  I 
6.05  i 
6. 10  j 
6.00  I 
5.90  I 
(i.45  I 
5.59 
5.25 
5.00 
5.50 
5.25 
5. 10 
.5. 05 
5. 10 
5. 10 
5.00 
4.90 
4.80 
4.75 
4.70 
4.80 

4.a5 

4.80 
4.85 
4.K5 
4.8;-> 
4.X0 


4.80 
4.70 
4.60 
4.(K) 
4.55 
4.50 
4. 45 
4.40 
5.00 
6.10 
4.90 
4.70 
4.65 
4.62 
4.60 
4.60 

4.  (to 
.').(K) 
5.55 
5.50 
5.50 

5.  40 
5. 40 
.5. 30 
5.50 
5.  .55 
5. 45 
5.50 
5.59 
5.80 
5.95 


Ot»t. 


5.40 
5.10 
4.60 
4.55 

4.50  I 

4.50  I 

4.45  I 

4.45 

4.45 

4.48 

4.45 

4.40 

4.40 

4.35 

4.30 

4.20 

4.40 

4.50 

4.65 

i.m 

5.80 
6.10 
5.1(» 
5.10  I 
5. 10 
5. 40 
5.20 
5.10 
5.05  I 


5.U)  I 
5.00  I 
5.00 

5.  a) 

4.92 
4.95  1 
4.96 
4.9(»  , 
4.80  I 
4.80 
6.00  j 
5.60 


5.50 


I 


5.40  ' 

5  a) ' 
5.20  I 
5. 10  I 
5.00  I 
4.90  , 
4.90  , 
4.90  I 
4.90 
4.90  I 
4.90  I 
4.90  I 
4.90 
4.90  [ 
4.85  : 
4.85  I 
4.80  1 
4.80  '■ 


aObaervatiODH  dl«*<)ntinue<l  from  .January  1  to  Man*h  8,  and  from  November  29  U)  l>H;e 
U,  on  account  of  ice. 
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Rating  table  for  Loup  River  at  Columbus^  Xebr.^for  19<fJ,it 


&t.     I>i»eh.rge.      ^^    |  Di«..harKe.      h«,Xt.     DiM-harK-.      ^If^,      DWharge. 


Fret. 

;  Second-feet . 

,      Feet. 

Second- feet.' 

Fert. 

Second-feet. 

Feet. 

Second-feet 

3.8 

1,140 

■      4.6 

2,040 

5.4 

4,101 

6.2 

6,760 

3.9 

!        1,175 

4.7 

2,265 

5.5 

4,402 

6.3 

7,134 

4.0 

1       1,?25 

j      4.8 

2,500 

5.6 

4,712 

6.4 

7,517 

4.1 

1,300 

4.9 

2,743     1 

5.7 

5,031 

6.6 

8,311 

4.2 

1       1,400 

1      5.0 

2,995 

5.H 

5, 35S 

6.8 

9,149 

,       4.3 

,       1,510 

5.1 

3,258 

5.9 

5,694 

7.0 

10,025 

'       4.4 

'       1,660 

5.2 

3,530     , 

6.0 

6,040     ' 

7.2 

10,941 

4.5 

1       1.825 

1       5.8 

3,811     1 

i 

6.1 

6,390 

*^  This  table  wss  applied  indirectly  according  to  the  method  outlintnl  on  ]>age  lisSi,  19th  Ann. 
Rept.,  U.  S.  Geol.  Surv.,  pt.  iv. 

Estinuited  vionthly  discharge  of  the  Loup  River  at  C<dumbuH,  Xebr. 
[Drainage  area,  13,542  squan^  mileM.J 


Month. 


Discharge  in  Becond-feet. 


I 


Run-off. 


Maximum.  :  Minimum. 


1902. 

March,  24  days 

April 

May 

June 

July 

August 

September 

October 

November,  29  days. . 


3,206 
7,443 
5,936 
10,895 
8,152 
6,909 
4,712 
2,869 


1,976 
2,203 
2,211 
3,394 
2,463 
1,693 
2,500 
2,040 


Mean. 


3,343 
2,409 
3,  226 
3,250 
5,669 
4,767 
3,218 
3,011 
2,501 


Total  in  | 

ac*re-fe<*t.    |  .Se<rond-feet    r»„„4^i,  i- 

n*.r  ttfinArt*      Depth  m 

I    ^^^J^  inches. 


159, 156 
143, 385 
198,334 
193, 375 
348,530 
293,115 
191,487 
185,116 
143,859 


0.25  i 

0.22 

.18  1 

.20 

.24 

.28 

.24 

.27 

.42 

.48 

.  35 

.40 

.24 

.27 

.22 

.25 

.19  1 

.20 

PLATTE   RIVER   NEAR   COLUMBUS,  NEBR. 

This  station  was  established  in  1895,  and  is  located  on  the  left  bank 
of  the  main  channel  of  the  river,  75  feet  above  tlie  Meridian  bridge 
south  of  Columbus.  It  is  about  4  miles  above  the  nioutli  of  the  Loup 
River.  The  gage  consists  of  an  inclined  oak  timber  fast^MK^l  to  cross- 
^ies  which  are  embedded  in  the  bank  of  th(^  river.  The  channel  is 
straight  both  above  and  below  the  gage.  'J'he  bench  mark  is  a  stand- 
**tl  4-foot  iron  post  of  the  United  States  Geological  Survey,  and  is 
located  44.5  feet  east  of  the  gage,  Oo  feet  north  of  the  north  end  of 
tbe  north  bridge  truss,  and  10  feet  west  of  a  cottonwood  tn»e  0  inches 
^^  diameter.     Its  elevation  is  7.0C  fejot  above  gage  datum. 

The  initial  point  for  soundings  is  th(^  north  end  of  t  he  upstream  side 
Of  the  bridge. 

David  J.  Mowery,  who  Uves  in  Coiumbus,  is  the  observer. 
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Discharge  viensurements  of  Platte  RhH*r  near  CohivibHs,  Nebr, 


Date. 


Hydr<>jfraph«*r. 


^X.      Discharge. 


heigl 


1902. 


March8 ...J  Frank  Dobson. 

April  13 -do 

May  11 -  .-do 


May  22... '  J.  C.  Stevens. 

June  1 do 


July  11 do 

Angnst  10 ' do 

Ang^t  26 - do 

September  11 : do 

October  .5 _ '  J.  C. Stevensand  Ferd Bonstedt. 


^eet. 

S^amd/rtt 

3.39 

5,m 

2.22 

996 

2.37 

i,e»5 

3.85 

8,447 

3.39 

5,^52 

3.5r, 

6,992 

1.31 

3oO 

1.60 

546 

.50 

5 

2.50 

1.989 

Daily  gage  height,  in  feet,  of  Platte  River  near  C*oltimbiai,  Nebr. 


Day. 

Mar. 

Apr. 

1 

1902. 

2.80 

2 

1 

2.60 

3.     .. 

1 

2.40 

4 

2.:« 

5 

2.  .35 

6 

2.10 

7. 

3.39    . 
3.38 
3.30 
3.00  1 
2.90  ' 
2.80  , 
2.80 
2.H(> 
2.K) 
2.70  j 
2.M)  1 

2.:«) 

2.20 
2.20 
2.10, 
2.10 

2.rio 

2.70 
3.(N) 
3. 10  ' 
3. 10  1 
3. 10  , 
3.00 
2.90 

2.15 

8 

0 

2.1§ 
2.20 

10 

2.20 

11        

2.20 

12 

2.21 

13 

2.22 

14  .. 

2.20 

15 

2.30 

16 

2. 15 

17    . 

2. 15 

18 

2.10 

19 

2.10 

20 

2.15 

21  .... 

2.10 

22 

2.  (r> 

23 

l.ifc-) 

24 

\An 

25 

2.(«> 

26 

2.10 

27  .... 

2.(«» 

28 

2.10 

29 

2. 15 

:«  .... 

2.25 

31 

May.  '  June.  |  July.  I  Anjf.  I  Sept. 


2.30 
2.25 

2.20 
2.40 
2.50 
2.a5 
2.75 
2.85 
2.85 
2.86 
2.87 
2.90 
2.90 
3.00 
3.20 
3.:i5 
3.  Vy 
4.00 
4.:J0 
4.20 
3.K5 
3.H4 
3. 82 
3.80 
3.  75 
3.7(» 
3.00 

3. 39 

3.:» 
3.;*< 


I 

3.38 

3.39 

3.39 

3.40 

3.55 

3.90 

3.81) 

3. 85 

3.70 

3.fi5 

3. 50 

3.40 

3.20 

3.20 

3.05 

3. 25 

.3.40 

3.55 

3.5i')  ' 

3..-.0 

3.  .^lO 

3. 50 

3. 40 

3.4(» 

3.4(» 

3.  40 

3. 40 

3.42 

3.4(» 

3.4^) 


I 

3.40  , 

3.60  ' 

3.60 

4.00 

4.10 

4.10 

4.00 

4.00 

3.JJ0 

3.75 

3.  no 

3. 40 
3.30 
3. 21 
.3.00 

2.  H9 

2.8() 

3.  (k") 
3.  :J8 
3.00 
2.90 
2.80 
2.7i» 
2.(«» 
2..')0 
2. 40 
2.:«)  , 
2. 2<» 
2. 10 
2.(k'> 


Oct.       Ni>v. 


1.90 

1.10  1 

1.80 

1.10 ! 

1.70 

1.10 

1.50 

1.00 

!.:« 

1.00 

1.20 

1.00 

1.10 

1.10 

1.05 

1.00 

1.00 

.90 

1.30 

.80 

1.10 

.50 

1.00 

.45  . 

.90 

.40 

1.10 

.40 

1.20 

.30 

1.10 

.20  1 

1.00 

.20 

1.00 

.20 

1.00 

.40  1 

l.(N) 

.65  1 

1.40 

.70 

2.30 

l.tt) 

2.00 

1.85 

l.«) 

1.85  1 

l.(iO 

1.85 

1.20 

1.90 

1.:*) 

1.95 

1.:*) 

1.95  1 

\M) 

1.90  1 

!.:« 

1.85 

1.20 

1.95 
2.00 
2.20 
2.40 
2.50 
2.75 
2.75 
2.50 
2.  a) 
2.30 
2.40 
2.80 
3.00 
3.20 
3.:» 
3.00 
2.95 
2.1M) 
3.60 
2.50 
2.40 
2.30 
2.30 
2.10 
2!  05 
2.05 
2.00 
1.95 
1.86 
1.85 

i.a'> 


1.80 
1.9f» 
1.96 

2.(10 

tm 

2.(W 

2.ctt 

1.95 

l.» 

l.Stfc 

l.fO 

l.TC* 

l.TCn 

\.»-M 

2.1C^ 

2.1CP 

tO^ 

2.  (ft' 

tl(^ 

ili» 

t\9 

2.W 

2.16 

2,05 

2.(0 

lift 

l» 


a  Ob»ervHt ions  (liH<>ontinue<l  from  January 
31  on  a<*.rount  t»f  i(te. 


1  to  Manh  M  and  from  November  29  to  Dw^ittt'*' 


XEWKLL.] 
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Rating  table  for  Platte  River  near  Columbus,  Nebr,,for  lOO^.f^ 


At. 

Second-feet. 

liS^t. 

Diacharge. 

Gacro 
height. 

Feet. 

!  Discharge. 
Second  feet. 

he^t. 
1      Feet. 

Discharge. 

Feet, 

Feet. 

Second-feet. 

Second-feet. 

1.0 

190 

2.0 

825 

3.0 

,        3,100 

4.0 

9, 150 

1.1 

220 

2.1 

925 

3.1 

1       3,500 

i      '-' 

11,250 

1.2 

250 

2.2 

1,025 

1       3.2 

1      4,000 

1      4.4 

13,550 

1.3 

285 
340    1 

3.3 

1,150 

3.3 

1      4,500 

'      4.6 

16,400 

1.4 

2.4 

1,275 

3.4 

1      5,000 

4.8 

19,700 

1.5 

400    1 

2.5 

1,400 

3.5 

1      5,500 

1      5.0 

28,700 

1.0 

475    1 

2.6 

1,676 

3.6 

6,050 

5.2 

28,400 

1.7 

550    ' 

2.7 

1,984 

3.7 

6,700 

5.4 

3:^,700 

1.8 

635     j 

725  ; 

t 

2.8 
2.9 

2,324 
2.696 

3.8 
3.9 

7,400 
1      8,200 

1 

1.9 

1 

"This  table  waA  applied  indirectly  according  to  the  method  outlined  on  page  :&),  19th  Ann. 
Bept.  U.  S.  Oeol.  Surv.,  Pt.  IV. 

Estimated  monthly  discharge  of  the  Platte  River  near  Columtnis,  Nebr, 
[Drainage  area  60,867  square  milee.] 


Month. 


Discharge  in  second-feet. 


Maximum.    Minimum. 


1902. 
March9to  31  .... 

April 

May 

June 

July I      11,140 

August 1,150 


2,398 

13,800  I 

9,950  I 


8q»tember 
October  .. 
November 


975 

5,000 

925 


825 

1,212 

4,150 

995 

190 

0 

690 

635 


Mean. 


Total  in 
acre-feet. 


Run-off. 


2,817 
1,076 
5,462 
6,426 
5.267 
404 

;^7 

1,798 
796 


Second-feet  :    Depth 
per  square  in 

mile.        '  inchefl. 


I 


134, 

64, 

335, 

382, 

323, 

24, 

20, 

110, 

47. 


098 
022 
845 
347 
805 
837 
051 
554 
365 


0.050 
.019 
.096  ! 
.113 
.093 
.007 
.006 
.033 
.014 


0.045 
.021 
.111 
.126 
.107 
.008 
.007 
.037 
.016 


PLATTE  RIVER  NEAR  LEXINGTON,  NEBR. 

This  station  was  established  April  2,  1902,  by  II.  O.  Smith.  It.  is 
located  on  the  highway  bridge,  2^  miles  south  of  Lexington,  Nebr. 
The  gage  is  of  the  usual  wire  type,  the  sealel)oard  being  graduated 
to  feet  and  lialf- tenths.  It  is  protected  by  a  box  and  securely  fas- 
tened to  the  upstream  hand  rail  of  the  bridge,  about  100  feet  from  the 
north  end.  It  is  read  daily  by  Cliarles  Freeman,  a  farmer  living 
near  by.     The  channel  is  straight  l)ot]i  above  and  below  the  station. 
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»TRKAM    MKAgrRKXENTR   IN  1902,  PAST  m. 


The  >>ank8  are  low,  but  do  not  overflow.  The  bed  of  the  8tn«l 
liaudy  and  Khiftiiij^.  l^nch  mark  No.  1  is  a  hob  on  the  west  ok) 
the  bridge  approa<h.  Its  elevation  is  2,391.90  feet  above  seil 
Jieneli  mark  No.  2  is  tlie  top  of  the  east  end  of  the  first  cap  i** 
north  end  of  bridge.  Its  elevation  is  2,393.31  feet  above  «•! 
'J'he  elevation  of  the  waU^r  siirfa<#,  or  the  end  of  the  weight,  wknl 
gag('  ivads  »*n>,  is  :i,385.<i.'i  feet. 

iJint'htirf^  mtHtHuri'mfutH  <*/  Platte  River  near  Lexington,  IS^, 


iMUf. 


1902. 


Hydnjcn^pber. 


Fftt. 


April  H . . 
May  'i 
May  22 
Jniie  :< 
June  \H 
July  5.  . 
July  19 
July  29 
Aui^UKt  2 
AuKUHt  2^$ 


H.  <).  Smith  and  B.  E.  Forbes 

H.  O.  Smith 

..     .do  


do 
.do 

do 
.do 
.do 

do 
.do 
.d<i 
.do 


2.85 

t« 

3.38-. 

'.% 

3.00 

S.0S 

8.25 

6,55 

2.98 

4,« 

2.30 

1.0< 

2.25 

1 

2.00 

1.20 

2.^1 

% 

2.70 

1. 

DitUij  (jatjr  hriijlii,  in  fnt,  (if  I'lattc  Rin^r  near  LeJ^imjton,  Sebr. 


Day. 


Apr.      May.      .June. '.  July.      Aug.      Sept.       Oct.       Nov. 


IWKi. 

' 

1 

i 

5* 

4. 

4 

r> 

«;. 

7 

H   .      . 

w 

10 

11    .  - 

1 

IS      

i:» ;  

14 .-               i 

15     .   . 

\      *i.7(» 

itt 

;    2ji^i 

17 

1      2  Ihi 

IH 

i.m 

Itt  .... 

..   ..       2.7() 

2.  ::> 

2.U-) 
2.  «5 
2.N) 
2. 75 

2.K') : 

2.W» 

2.W)  i 

2.«) 


H.25 

2. 95 : 

2.H()  ' 

2.  <.J(1  1 
2.iR)  1 


3.(10  I 
3.00  I 
2.90  ' 
3.a5 


2.7() 

3.15 

2.70 

2. 75 

3.  (JO 

2. 75 

3.00 

2.9() 

2.75 

3.05 

3.00 

2.90 

3.40 

3.05 

3. 10 

3.^> 

2.(« 

3.40 

3. 15 

2.80 

3.40 

3.30 

2. 50 

3.95 

3.00 

2.50 

3.70 

3.25 

2.a5 

3,  (50 

3.25 

2.  :*) 

3. 40 

3.25 

1      2. 2.5 

2.  :i5 

1.70 

2.00 

l.flO 

1.95 

1.50 

l.HO 

1.45 

1.80 

1.40 

1.70 

1.40 

i.a')  1 

1.^ 

i.m  ' 

1.30 

1.85  ; 

1.21) 

l.«5  \ 

1.15 

l.(\0  ' 

1.10 

1.50 

1.10 

1.45 

1.10 

1.40 

1.05 

1.40 

1.00 

1.35 

1.00 

l.») 

1.00 

1.30 

0.U5 

1.25 

0.95 

1.20 

0.90 

2.45  I      2.70  ; 

2.56  ;    2.eo , 

2.55  tM 
2.60  1  2.45  ' 
2.50  I  2.(JI»  I 
2.40  I  2.fll)j 
2.45  I  2.75  1 
2.55  j  2.70' 
2.50  I     {«)     I 

2.45  I 

2.70  ! ■' 

2  75; 

2.75  ; 

2.70  j 

2.86  j 

2.(J6  I 

2.80  j 

2.86  j 

2.85    

2.80  1 


•«  BtM»k  Ht(ilt>u  coutaiiiiii^  rtM'onlH  from  N«)Voiiil>er  9. 
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Uygage  height ^  in  feet,  of  Platte  River  near  Leadngton,  Nebr, — Continued. 


Day. 


ime. 


Apr. 


2.70 
2.60 
2.60 
2.76 
2.66 
2.60 
2.90 
2.70 
2.75 
2.80 


May. 


3.20 
3.35 
3.40 
3.30 
3.20 
3.20 
3.25 
3.30 
8.40 
3.35 
3.30 


Jnne.  '  July.     Aug. 


I 


2.25 
2.15 
2.10 
2.06 
2.00 
2.40 
2.40 
2.35 
2.15 
2.40 
2.30 


1.20 
1.20 
1.25 
1.30 
1.40 
1.46 
1.36 

l.:« 

1.25 
2.15 
2.00 


Sept.      Oct. 


1.60 
2.10 
2.05 
2.25 
2.85 
2.35 
2.70 
2.70 
2.40 
2.45 


I 


2.70 
2.60 
2.«) 
2.60 
2.60 
2.60 
2.65 
2.80 
2.65 
2.70 
2.70 


Nov.  I   Dec. 


2.66 
2.66 
2.'2Q 

2.70 
2.80 
2.70 
2.80 
2.86 
2.85 
3.00 
3.00 


n  Gage  down;  bridge  being  repaired. 
Rating  table  for  Platte  River  near  Lexington^  Nebr.,  for  li)0^,<^ 


beight. 

Ftft. 
2.1 
2.2 
2.3 
2.4 
2.5 


Diacharge. 

Gage 
height. 

Second-feet. 

Feet. 

160 

2.6 

390 

2.7 

640 

2.8 

920 

2.9 

1,260 

3.0 

Discharge. 


Second-feet. 
1,680 
2,220 
2,820 
3,500 
4,290 


Gage 
height. 


Feet. 
3.1 
3.2 
3.3 
3.4 
3.5 


DiHc^harge. 

Second-feet. 
5, 140 
6,060 
7,000 
8,020 
9,060 


Gage 
height. 

DiMcharge. 

Feet. 

Second-feet. 

8.6 

10,240 

3.7 

11,520 

3.8 

12,860 

3.9 

14,240 

4.0 

15,680 

"This  table  was  applied  indirectly,  according  to  the  method  outlined  on  p.  323, 19th  An.  Kept., 
•8.Geol.8urv.,  Pt.  rV. 


Estimated  monthly  discharge  of  the  Platte  River  near  Lexington,  Nebr. 
[Drainage  area,  53,300  square  miles.] 


Month. 


1902. 
)ril  15  to  30. 

»y 

ae,  26  days. 

7 

^ust 

tember  . . . 

^ber 

ember 


Discharge  in  second-feet. 


Maximum. 


14,672 


5,692 
565 

2,780 
1,896 
4,290 


Minimum.      Mean. 


1,950 


0 

0  I 

640  1 
275  i 


2,208 
5,490 
5, 135 
2, 234 
27 
302 
1,191 
1,678 


Total  in 
acre-feet. 


70,072 

337, 550 

264,813 

137, 350 

1,660 

17, 968 

73,232 

103, 160 


Run-off. 


Second-feet 

Iier  square 

mile. 


0.041 
.103 
.096 
.042 
.001 
.006 
.022 
.031 


Depth  in 
inches. 


0.024 
.119 
.092 
.048 
.001 
.007 
.025 
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STREAM   MEASUREMENTS   IN    1902,  PART   IH. 


[vaM. 


NORTH  PLATTE  RIVER  AT  NORTH  PLATTE,  NEBR. 

The  lowest  gaging  station  on  thi8  river  is  located  at  the  wagon  bridge 
just  north  of  North  Platte,  Nebr.,  and  was  established  October  5, 
1894.  It  is  3.5  miles  alx)ve  the  junction  with  the  South  Platte  River. 
The  bridge  is  a  long,  low,  pile  bridge,  having  93  spans  of  approxi- 
mately 20  feet  each,  crossing  the  main  channel  of  the  river.  North 
of  this,  at  a  distance  of  about  440  feet,  is  another  bridge  crossing  i 
smaller  branch  or  slough,  and  having  six  spans  of  about  20  feet  each. 
The  water,  except  in  times  of  flood,  does  not  pass  under  all  of  the 
spans  of  the  long  bridge.  Usually  the  greater  part  flows  under  two  or 
three  of  the  spans,  spreading  out  in  shallow  pools  or  streamlets  under 
others.  Beneath  the  greater  number  of  spans  is  a  dry,  sandy  bed  at 
ordinary  stages.  The  initial  point  for  soundings  is  on  the  right  bank 
and  consists  of  a  mark  on  the  railing  on  the  upstream  side  of  the 
bridge.  The  channel  is  nearly  straight  for  about  500  feet  both  above 
and  below  the  station.  The  banks  are  low,  but  are  rarely,  if  ever, 
overflowed. 

The  observations  of  river  height  are  made  at  the  Union  Pacific  Rail- 
road bridge,  about  2  miles  below  the  wagon-road  bridge.  The  rail- 
road l)ridge  is  3  miles  above  the  junction  of  the  North  and  South 
Platte  rivers.  The  gage  is  vertical,  marked  to  tenths  of  a  foot,  and 
is  fastened  by  si^rews  to  the  piling  under  the  bridge.  The  top  of 
the  east  rail  directly  over  the  gage  is  12  feet  above  the  zero.  The 
gage  rod  is  read  twice  each  day  by  II.  E.  Dress,  the  railroail  bridge 
watchman. 


Discharge  vieastircnwnfs  of  North  Platte  River  at  North  Platte,  Nrbr, 


Date. 


19()2. 


April  0 --- 

May  6 ..-- 

May  20 

June  3 -do 

June  19 do 

July  3 do 

Julyi; do 

July  28 do  . 

August  9 do  - 

August  18 I do  . 

August  28. .     1 do  - 

Septeml>er  6 do  - 

September  24 do  . 

November  29 | do  . 


flydrographer. 


H.  O.  Smith  and  B.  E.  ForVies.. 

H.  O.  Smith... 

...do 


Oai 


t. 


Feet. 
2.20 
2.65 
3.15 
2.50 
3.00 
2.70 
1.65 
1.70 
1.00 
1.00 
1.00 
1.00 
2.30 
2.40 


Dischazxp. 

Second-feel. 

1,804 

3,733 

7,136 

3,039 

6,610 

4,991 

1,343 

678 

55 

49 

94 

20 

1,817 
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RfUing  table  for  North  Platte  River  at  North  Platte,  Nehr/^ 


»t.     I>-harge.  I    ^,t^,,     T>^^^r^o^ 


hei^i 


O.o 
.6 


j  Second-ffet. 

I  15  1 

30 

50 

75 

100 

150 

210 

280 

370 

465 


heigh 

Feet. 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 
2.2 
2.8 
2.4 


Gage 
height. 


Second-feet. 
565 
670 
800 
950 
1,120 
1,320 
1,560 
1,800 
2,150  i 
2,520  I 


Feet. 
2.5 
2.6 
Ji.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 


Discharge. 

■» 

Second-feet. 
2,950 
3,440 
4,050 
4,700 
5,450 
6,100 
6,900 
7,800 
8,800 
9,900 


Gage 
height. 

Discharge. 

Feet. 

Second-feet. 

3.5 

11,100 

3.6 

12.700 

3.7 

14,800 

3.8 

16,000 

3.9 

17,700 

4.0 

19,400 

oThiB  table  vtha  apiilied  indirectly  according  to  the  method  outlined  on  p.  323, 19th  An.  Bept. 
C.  S.  Oeol.  Surv.,  Part  IV. 

Daily  gage  h^ght,  in  feet,  of  North  Platte  River  at  North  Platte,  Nebr, 


Day. 

Mar. 

Apr. 

2.00 
2.25 
2.30 
2.40 
2.40 
2.40 
2.25 
2.20 
2.20 
2.15 
2.10 
2.00 
2.05 
2.15 
2.30 
2.40 
2.40 
2.35 
2.40 
2.40 
2.40 
2.55 
2.80 
2.80 
2.80 
2.50 
2.80 
2.80 
2.00 
2.80 

May. 

June. 

July. 

2.80 
2.80 
2.70 
2.80 

2.5r) 

2.50 
2.50 
2.40 
2.50 
2.35 
2.30 
2.20 
2.10 
2.00 
2.00 
1.75 
1.50 
1.80 
1.70 
1.70 
1.70 
1.80 
1.80 
1.50 
1.40 
1.40 
1.4.'> 
l.ft-) 
1.80 
l.ft5 
1.50 

Aug. 

l.fiO 
1.35 
1.20 
1.10 
1.10 
1.15 
1.00 
1.00 
1.00 
1.06 
1.00 
.90 
.90 
1.05 

i.(r> 

1.00 
.90 
1.00 
1.10 
1.10 
1.00 
1.00 
1.00 
1.05 
1.10 
l.(JO 
l.U) 
1.10 
1.20 
1.10 
1.10 

Sept. 

Oct. 

1.90 
1.90 
1.90 
1.95 
2.00 
1.95 
1.90 
1.85 
1.75 
1.70 
2.05 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
1.90 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
l.SO 

Nov. 

Dec. 

1902. 
1 

2.70 
2.70 
2.80 
2.60 
2.70 
2.85 
2.80 
2.80 
2.80 
2.80 
2.80 
2.75 
2.90 
2.90 
3.00 
3.40 
3.20 
3.05 
3.10 
3.15 
3.15 
3.10 
3.10 
3.10 
3.10 
3.05 
3.(KI 
2.90 
2.90 
2.90 
2.80 

2.80 

2.80 

2.50 

2.50 

2.45 

2.85 

2.96  1 

2.90 

3.  or) 

2.90 

2.75 

3.0)  1 

2.95 

3.00 

3.00  , 

3.00  , 

2.95 

3.00 

3.00 

3.00 

2.90  1 

2.90  ; 

2.90 

2.80 

2.a5 

2.(50 
2.60 
2.50 
2.50 
2.70 

1 

1.10 
1.05 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
.95 
1.00 
1.10 
1.15 
1.10 
1.20 
1.15 
1.10 
1.20 
1.15 
1.10 
1.20 
1.55 
2.25 
2.30 
2. 15 
1.95 
1.95 
2.00 
2.00 
1.90 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.06 
2.00 
2.05 
2.10 
2.10 
2.20 
2.80 
2.50 
2.40 
2.20 

2.20 

2 

2.25 

3 1 

2.30 

4....                         1 

2  30 

5 I 

2.30 

6.  .. 

2.30 

7 

(«) 

8 

9.....                     i 

10 ,                1 

11 1 

12-... 

13 

14 

lo-... 

(-) 

1.80 

2.05 

2.20 

2.20 

2.26 

2.80 

2.30 

2.35 

2.55 

2.80- 

2.G5 

2.50 

2.45 

2.30 

2.06 

2.00 

16 

17.... 

W 

19... 

».... 

21 

a... 

23... 

24.. 

25.. 

«... 

27... 

2H... 

29.. 

an.. 

31 

\ 

. 

\ 

\ 

«J 

liver  frozen. 
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Estimated  monthly  dineharge  of  the  North  Platte  River  at  North  Platte,  N 
[DrainRK^.'  aroa  28.517  s<inar«*  miles.] 


DiwharKo  in»ef<»n<l-foet. 

Run-<jflf. 

Month. 

Maximum. 

1 
Minimum. 

Mmn. 

Total  in 
a<*re-feot. 

Second-feet 
per^nare 

ii 

1901. 
March . . 

9,900 

1,820 

8,  2«M) 

200,425 

0.110 

April -  - 

4,700 

1.560 

2,408 

148,276 

.080 

May - 

14,8(M) 

2, 150  1 

7,680 

472,282 

.270 

June 

17,7(M) 
4,050 

4,050 

75  i 

9, 788 

1,508 

579, 108 
92,712 

.340 
.050 

July 

AngruHt 

800 

50 

846 

21,275 

.010 

September 

1,820 

565  , 

1,068 

68, 546 

.040 

October         

1,820 

1 
670 

1.121 

68,919 
98, 772 

.040 

November  

1,800 

1.820 

1,576 

.060 

1902. 

March  16  to  81 



2,257 

71,627 

.079 

April 

8,440 

1,800  1 

2,448 

145,859 

.(m 

May 

9,900 

8,440 

5,450 

835,066 

.191 

June   

6,900 

2,950  1 

5, 189 

805, 790 

.180 

July 

6,100 

870  , 

2. 229 

187,089 

.078 

An^iHt  

870 

80 

102 

6, 271 

.004 

Septem))er 

1,800 

KM) 

481 

28. 620 

.017  ! 

Octol>er 

1,120 

670 

1,085 

68,()42 

.  0:^> 

November...    

1,560 

800  i 

1,104 

(r>,  (W8 

.089 

NORTH   PLATTE   RIVER   AT   BRIDdEPORT,  NEBR. 

This  station  was  (established  May  4,  1902,  by  R.  H.  Willis, 
located  at  the  wnji^ou  l)ridge,  one-half  niih*  due  north  from  Hridj^je 
Nebr.  The  gage  is  of  the  usual  wire  type,  the  scaleboard  l)eing| 
uated  to  half-tentlis  of  feet.  It  is  inelos(Ml  in  a  wooden  box  seci 
fastencKl  to  the  railing  of  the  bridge.  When  the  gage  reads  zen 
water  is  9  feet  below  tho  floor  of  the  bridge  at  the  gage.  The  ga 
read  daily  by  Frank  diun^hill,  a  schoolboy  who  lives  one-half 
away.  The  discharge  nieasurenuMits  aw  niad(»  from  the  bridge 
the  initial  point  for  sounding  is  on  th(*  right  bank  at  the  south  e; 
the  west  railing  of  the  bri<lg(».  Th<'  channel  widens  both  above 
below  the  station.  The  banks  are  low,  but  not  liable  to  OA^ei 
The  bed  of  tlie  stream  is  sandy  and  shifting.  The  bench  mark  i 
top  of  the  floor  of  the  bridge  at  tlu^  gage.  Its  elevation  is  0 
above  the  surface  of  the  water  when  the  gage  reads  zero. 
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The  following  discharge  measuremeuts  were  made  by  R.  H.  Willis 
:ind  Frank  Dobson  in  1902: 

May  20:  G«ge  height,  6.00  feet;  discharge,  5,414  second- feet. 
June  3:  Gage  height,  5.80  feet;  discharge,  4,515  second-feet. 
June  10:  G&ge  height,  5.17  feet;  discharge,  2,050  second-feet. 
June  14:  Gage  height,  5.9^7  feet;  discharge,  5,433  second-feet. 
June  21:  Gage  height,  5.71  feet;  discharge,  5,120  second-feet. 
July  19:  Gage  height,  5.00  feet;  discharge,  787  second-feet. 
July  26:  Gage  height.  4.87  feet;  discharge.  619  second-feet. 
August  8:  'Gage  height,  4.68  feet;  discharge,  190  secxmd-feet. 
August  2»:  Gage  height,  4.49  feet;  discharge,  37  second-feet. 
September  22:  Gage  height,  5.08  feet;  discharge,  634  second-feet. 

Daily  gage  height ,  in  feet ^  of  North  Platte  River  at  Bridgeport y  Nehr, 


Day. 


1.. 
t.. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

n. 

12. 
13. 
14. 
W. 

16.. 


19.. 
».. 

a.. 

28.. 

a.. 

24.. 
»-. 
26.. 
27.. 
28.. 
29.. 

a)-. 

31.. 


1908. 


May.     June.     July 


5.76 


80 


86  I 


5.41 

5.61 

5.79 

5.93 

6.04 

5.99 

6.10 

.5.93 

5.89 

5.90 

5.9SJ  j 

5.92 

5.89  ! 

6.00 

6.04 

6.00 


Aug. 


5.W) 
5.56 
5.76 
5.40 
5.43 
5.32 
5.33 
5.35 
5.27 
5.16 
5.19 
5.10 
5.02 
5.04 
5.00 
5.20 


91 

6.00 

5.04 

99 

5.85 

5.01 

95 

5.82 

5.00 

(N) 

5.82 

4.89 

KM 

5.75 

4.86 

10 

5.68 

4.80 

04 

5.58 

4.75 

04 

5.48 

4.77 

96 

6.47 

4.86 

86 

5.28 

4.90 

65 

5.46 

4.94 

56 

5.60 

4.79 

41 

6.87 

4.76 

45 

5.85 

4.86 

41 

4.90 

4.85 
4.75 
4.80 
4.78 
4.80 
4.79 
4.80 


4.75 
4.72 
4.72 
4.70 
4.67 
5.05 
4.75 
4.68 
4.70 
4.65 
4.62 
4.61 
4.60 
4.59 
4.60 
4.62 
4.52 
4.52 
4.56 
4.60 


Sept. 


Oct. 


I 


4.50 
4.46 
4.45 
4.44 
4.40 
4.40 
4.40 
4.40 
4.48 
4.40 
4.40 
4.40 
4.40 
4.38 
4.41 
4.40 
4.40 
4.40 


4.46 


4.95 
4.P8 
4.78 
4.77 
4.95 
4.85 
4.82 
4.82 
4.79  , 


4.79 
4.75 
4.80 
4.80 
4.84 
4.82 
4.80 
4.82 
4.85 
4.86 
4.91 
4.95 
4.fl(» 
4.91 
4.94 
4.96 
4.92 
4.95 
4.91 
4.92 


Nov. 


5.08 
4.95 
4.98 
4.88 
4.96 
5.00 


4.94 
4.96 
4.96 
4.94 
4.95 
4.90 
4.91 
4.95 
4.94 
4.91 


oObBervations  discontinued  November  6  to  December  31  uu  occou  it  of  ice. 

IKR  84—03 5 


5.00 
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Rating  table  for  North  Platte  River  at  Bridgeport^  Nebr.,for  190J. 


Gago 
height. 

Discharge. 

h^t.>^^-^- 

Feet. 

Second-feet. 

Feet.      1  Second-feet. 

4.4 

10 

4.9  1            560 

4.5 

50 

5.0               790 

4.6 

110 

'        5.1           1,060  1 

4.7 

210 

'        5.2  1         1,380  ! 

4.8 

350 

5.3  1         1,710  1 

1                    t 

he^l 

Discharge. 

Feet. 
5.4 
5.5 
5.6 

Second-feet. 
2,120 
2,610 
3,120 

5.7 

5,8 


3,660 
4,230 


0^;_   iDLscbar^ 


heigl 


Feet.  1  Secondfrft 

5.9  i      4,820 

6.0  I      5.450 

6.1  6,200 


Estiinated  monthly  discharge  of  the  North  Platte  River  at  Bridgeport,  Sebr. 
[Drainage  area,  2:^190  square  miles.] 


Month. 


1902. 

May,  25  days. 

JuDe 

July 

August,  27  days  . . . 
Septeral)er,  28  days 
October,  J{()  days. . 


Discharge  in  second-feet. 


Run-off. 


Maximum. 


6,200 
4,000 


Minimum.      Mean. 


'     Total  in 
I   ai'ire-feet. 


Second-feet 
»r8q 
nail 


Depth  io 
,>er  scjuare  ^  ^.P,,. 


1,580 
290 


4,149  ! 

255,050 

0. 179 

0.2<»6 

4,267  1 

253,900 

.184' 

.  2^y* 

1,200  ! 

73,780 

.a52  1 

.(0^ 

244 

15.000 

.011 ; 

.01'^ 

102  1 

9, 640 

.007 

A\>^ 

550  ; 

;54.872 

.024 

.n->?^ 

NORTH    PJ^ArrK    KIVER    AT    MITCHELL,  XEBR. 

This  station  was  establislie'l  by  O.  V.  J*.  Sloiil  on  June  ;j,  11)01.  It 
replaces  the  station  at  Gering,  Nebr.,  which  was  discontinued,  as  the 
narrower  channel  at  Mitchell  seemed  favorable  to  increased  accuracr 
of  gaj^ings,  and,  l)ein|L^  nearer  IIkj  Wyoming  line,  it  serves  better  as  a 
State-line  gaging  station. 

Tlie  gage  consists  of  a  sash  weigiit  luing  from  a  w-ire  carrying  an 
index  reading  on  a  horizontal  rod  nailed  to  tlie  bridge  rail.  The /xm*o 
of  the  gage  is  8  feet  below  tlie  bridge  floor  at  the  gage.  It  is  ah^ 
<>.73,  0.79,  and  0.71)  feet  below  the  tops  of  the  upstream  ends  of  the 
b^idg(^  The  observer  is  G.  I).  Aughinbaugh,  a  barber  at  MitchelU 
about  one-half  mile  from  the  bridge. 

On  April  4,  \i)0'2,  a  temporary  gage  rod  was  set  whose  zero  marl^ 
was  3.70  lower  than  the  old  rod  of  1901.  ()ji  ^lay  3,  190l*,  a  new  per- 
manent gage  Avas  put  in  whose  z(»ro  mark  was  1.0  foot  low^er  than  the 
old  rod  of  1001,  in  order  to  avoid  negative  gage  heights.  Ilenee, 
betw(^en  April  4  and  May  3,  11)02,  2.79  feet  were  subtracted  from  the 
gage  heights  reported  by  the  obsei^ver.  'J'o  make  tlie  gage  heights 
reported  during  1901  comparable  with  those  of  1902,  1.0  foot  must  be 
added. 
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Discharge  ineoisureiiwnts  of  North  Platte  River  at  Mitchell,  Nebr, 


Date. 


April  4. 
May  3 . . 


1902. 


Hydro^rapher. 


May  28 .  - do 


Frank  Dobson . 
do 


June  12 - do 

Jnne  19 ' do 

June  27 _ J do 

Jidyie ! do 

Jxdy  24 I do . 

August  2 ' do 

August  19 ' do 

September  2 do  ...   . . 

■     Octo])er25_ R.H.Willis. 


h^^t. 

DiHchargiv 

Feet 

Sec-feet. 

1.56 

917 

3.22 

2,649 

2.48 

3,698 

3.15 

6,425 

3.00 

4,937 

2.42 

3;257 

1.58 

1,014 

1.30 

630 

1.05 

349 

.85 

102 

.82 

30 

.1)6 

363 

Daily  gage  height,  infect,  of  Narth  Platte  Rix'^er  at  Mitchell,  Nebr. 


Day. 


mtt. 


3  . 
4.. 

5.. 
6.. 

M.. 

9.. 
10.. 
11.. 
12.. 
W.. 
14. 
15. 
16.. 

i:.. 

IK.. 

1».. 


Apr. 


a).. 

21.. 

ti.. 
a.. 

24.. 
S.. 
».. 

2T-. 
28.. 
».. 
30.. 
31.. 


1.56 
1.56 
1.66 
1.31 
1.21 
1.31 
1.27 
1.27 
1.41 
1.51 
1.61 
1.71 
l.«l 
1.81 
1.81 

i,m 

1.86 
1.91 
1.86 
1.86 
2.26 
2.21 
2.41 
2.41 
2.51 
2.46 
2.36 


May.     June. 


2.7» 
2.91 
3.06 
3.17 
3.25 
3.27 
3.06 
3.(16 
3.02 
3.17 
3.11 
3.16 
3.14 
3.14 
3.19 
3. 10 
3.05 
3.01 
3.03 
2.99 
2.94 
2.76 
2.64 
2.51 
2.32 
2.21 

2.r« 

2.20 
2.63 
2.39 


July. 


2.30 
2.66 
2.22 
2.06 
1.80 
1.91 
1.90 
1.91 
1.90 
1.85 
1.76 
1.69 
1.69 
1.76 
1.61 
1.60 
1.54 
1.46 
1.41 
1.38 
1.37 
1.37 

i.:« 

1.38 
1.28 
1.31 
1.29 
1.25 
1.46 
1.50 
1.31 


Aug. 


1.21 

1.2:3 

1.19 

1.13 

1.14 

1.14 

l.<)0 

1.03 

1.04 

1.00 

.98 

.96 

.90 

.93 

.90 

.87 

.86 

.85 

.85 

.85 

.84 

.84 

.84 

.84 

.84 

.84 

.84 

.84 

.83 

.83 

.83 


Sept. 


0.82 
.82 

.8:} 

.83 

.82 
.82 
.82 
.83 
.83 
.82 
.82 
.\^ 
.82 
.83 
.83 
.83 
.83 
.83 
.82 
.84 


.89 

.85 
.84 
.85 
.84 
.87 
.86 
.86 


Oct.    ;    Nov. 


.86 

.87 
.87 
.87 
.87 
.93 


.93 
.93 
.91 
.93 
.92 
.91 
.93 
.93 
.94 
.96 
.97 
.97 
.98 
.99 
.98 
.99 
1.00 
.99 
.97 


0.95 
.94 
.94 
.93 
.94 
1.08 
1.09 
1.08 
1.06 
1.11 
1.09 
1.10 
1.10 
1.10 
1.10 
1.14 
1.10 
1.75 
1.15 
1.18 
1.17 
1.16 


"Obeervationa  discontdnaed  from  January  1  to  April  4  and  from  November  *StU>"D«c«nit«r^ 
oa  account  of  ice. 
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Rating  table  for  North  Platte  River  at  Mitchell,  Nebr.,for  190^.*^ 


heic^t. 

Feet. 

0.0 

.2 

.4 

.6 

.8 

•      1.0 

Discbargo. 


Second-feet. 

99 

235 

455 

720 

1,005 

1,310  . 


OaK 
height. 

Feet. 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 


I  Discharge. 

I  Sec<)nd'/eet. 
I,ft50 
2,020 
2,455 
2,910 
3,415 
3,980 


hefg^t.     I>i-^rge.!|  ^^  i  Di-char«e. 


Feet.     I  Second-feet. 
2.4  4,595 


2.6 
2.8 
3.0 
3.2 
3.4 


5,290 
6,100 
7,015 
7,940 

8,900 


Feet. 
3.6 
3.8 
4.0 


Second-feet 
9,930 
11,022  I 
12,180  1 


oThia  table  was  applied  indirectly,  according  to  the  method  outlined,  p.  383,  19th  An.  U.l 
Geol.  Surv.,  Pt.  IV. 

Estimated  monthly  discharge  of  the  North  Platte  River  at  Mitchell^  Nebr, 
[  Drainage  area,  2i,H10  nquare  miles.] 


Month. 


1902. 

April  4  to  30 

May  - 

June  - 

July  -.-- 

August 

September -. 

October,  24  days.. 
November  1  to  22. 


Discharge  (Hecond-f eet) . 


Maximum.  I  Minimum.      Mean. 


6,373  I 

6.877  I 

3,777  i 

559  ' 

124 


2,649 

2,934  j 

612, 

44  ■ 

30  I 


1,603 

4,346 

4,915 

1,308 

207 

69 

299 

563 


Total  in 
acre-fee  t. 


85.846 

267,200 

292. 420 

80, 420 

12,728 

4,  105 

14,233 

24,567 


I 


Run-off. 


Second-feet  Depth  iB 


0.066 
.178 
.201 
.054 
.008 
.003 
.012 
.023 


o.ow 

.305 
.2341 

.009 
.003 
.011 
.019 


NORTH   PLATTE   RIVER   AT   GUERNSEY,  WYO. 

This  station  was  establislied  Jiiue  U,  ItK)0,  by  A.  J.  I^arsliall.  Iti»  ' 
located  at  the  county  bridge  about  a  half  mile  northwest  of  Guemsev- 
The  bridge  has  eight  piei-s,  the  sides  are  planked,  and  there  is  uniform 
flow  under  each  span.  The  rod  consists  of  a  4-inch  by  4-inch  hx 
12-foot  scantling  firmly  attached  to  one  of  the  piers  of  tlie  bridge. 
As  the  station  was  to  be  a  temporary  one,  a  metallic  tape,  divided 
into  feet  and  tenths,  was  securely  fastened  to  the  rod.  The  l)6nch 
mark  is  a  spike  driven  into  a  sleeper  of  the  bridge  1  foot  from  the  rod 
and  at  an  elevation  of  10.04  feet  above  the  zero.  The  channel  is 
straight  for  a  distance  above  and  below  the  station.  Both  banks  are 
high  and  do  not  overflow  at  high  stages.  The  bed  of  the  stream  is 
sandy,  but  probably  does  not  shift  much. 

It  was  found  that  considerable  inconvenience  was  caused  by  sand 
accumulating  about  the  rod  as  the  high  water  subsided.  With  the 
opening  of  the  season  of  1902  a  new  rod  was  placed  about  200  feet 
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the  first  location.     It  was  fastened  to  one  of  the  piers  of  the 
I  bridge,  and  was  placed  1  foot  lower  in  the  water, 
iurements  are  still  nuule  from  the  county  bridge,  which,  while 
not  furnish  a  i>erfo<*t  loeation  for  measurements,  is  the  best 
nd  on  the  river  in  Wyoming. 


IHscharge  viedsurementH  of  North  Platte  River  at  Guernsey,  Wyo. 


Dat*^. 


1902. 


HydrcHfrapher. 


)er  . 
9  . 


A.J.ParshalK 

do 

do 

do 

do 

do 

do 


Gacre 
heigbt. 

FfW. 

0.90 

.65 

1.50 

2.10 

3.80 

-  .30 

.20 

Discharge. 


Sermul-feet. 

1,099 

748 

1,696 

3.025 

7,379 

173 

437 


IkiUy  fjnge  height,  in  feet,  of  North  Platte  River  al  Guernsey,  Wyo. 


Day. 


1902. 


Apr. 


0.90 

.90 

.65 

.65 

.65 

.80 

.80 

.90 

1.00 

1.00 

1.00 

1.05 

1.25 

1.40 

l.GO 

1.60 

1.60 

1.50 

l.GO 

l.tiO 

1.60 

1.90 

2.00 

2.20 

2.20 

2.40 

2.20 

2.20 

2.20 

2.20 


May.   I  June. 


/ 


2.20 
2.40 
2.40 
2.40 
2.60 
2.60 
2.80 
2.80 
2.80 
3.00 
3.00 
3.20. 
3.20 
3.20 
3.20 
4.10 
3.80 
4.00 
3.80 
3.80 
3.80 
3.80 
3.80 
3.  GO 
3.00 
2.80 
2.60 
2.(K) 
2.60 
3.00 
3.00 


3.80 
3.80 
3.80 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
3.80 
3.80 
4.00 
4.00 
3.80 
3.80 
3.80 
3.40 
3.40 
3.40 
3.00 
3.00 
3.00 
2.  GO 
2.  GO 
2.  GO 
2.00 
2.00 
2.00 
2.00 
2.00 


July. 


1.60 
1.60 
1.60 
1.60 
1.80 
1.60 
1.20 
1.60 
1.20 
1.20 
1.20 
1.20 
1.00 
1.00 
1.00 
1.00 
.80 
.SO 
.80 
1.00 
1.00 
1.00 

.m 

.80 
.70 
1.20 
1.20 
1.20 
1.20 
.80 
.80 


Aug.       Sept. 


0.50 
.50 
.50 
.50  ! 
.40 
.40  I 
.40  ! 
.40 
.20  I 
.40 
.40 
.20 
.20 
.20 
.20 
.00 
.00 
.00 
.00 
.00  I 
.00  I 
.00  I 

.00  I 

.10 

-  .10  1 

-  .20 

I 
.20 

-.20  I 

-  .20 

-  .20 

-  .20 


Oct. 


Nov. 


Dee. 


'\ 


-0.20 

-  .20 

-  .30 

-  .80 

-  .30 
-.251 
-.30: 

-  .30  I 

-  .30 
-.30  I 
-.30, 

-  .20  ! 

-  .20 

-  .30 
.'20 

-  .20 

.:» 

.30 
.30 
.20 
.20 
.30 
.30 

.:» 

.30 
.30 
.:» 
.30 
.30 
.20 


0.20  I 
.20  i 
.20  I 
.20  1 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.30 
.30 


0.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 

.:«) 

.30 
.30 
.30 
.:w 
.:» 

.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 


-V 


0.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.40 
.10 
.40 
.30 
.20 
.30 

.:« 

.<» 
.60 
.liO 
.60 
.60 
.70 
.70 
.70 
.75 
.70 
.70 
.70 
.80 
.80 
.80 


70 


8TREAM   MEASUREMENTS   IN    1902,  PART   III. 

Haiing  tafjle  for  North  Philte  River  nt  Guernsci/^  Wi/o.^/or  Uf02. 


l)so.|ti 


heiirhl. 


0.7 
.« 
.5 
.4 

-  .2 

-  .1 
.0 
.1 
.2 
.8 
.4 


Sffimd-/r*  i. 
15 

r>o 

KiO 
175 
220 
270 
320 
375 
430 
490 
555 


iK-iRht. 


Fret. 

0.5 

.6 

.  7 
.8 
.9 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 
1.0 


liisclmivt'.  Ij 

Sfct/nd-ftrt.  ' 

025 

700  ' 

780  || 

870  ) 

970  I 

1,080  1 

1,200  i| 

1,330  ! 

1,470  i 

1,620  . 

1,780  ; 

1,950  I 


heiKhl. 


Fat. 
1.7 
1.8 
1.9 
2.  0 
2.1 
2.2 
2.3 
2.4 
2.5 
2.0 
2.7 
2.8 


-| 


l)i.'M'Iiargi'.  I 

S*:ctmd-ff.ft. 
2, 135 
2, 3.^5 
2,550 
2,780 
3, 030 
3,280 
3, 530 

3,  780 
4, 030 
4,2a5 
4,540 

4,  795 


luMKlit. 


Frft. 
2.9 
3.0 
3.1 
3.2 
3.  3 
3.4 
3.5 
3.6 
3.7 
3,8. 
3.9 
4.0 


StcffHii-Jftt 
5,050 
.1,305 
5,560 
5,8-iO  : 

6,a^) 

6,t>00 
6,860 
7,120   ; 
7,880   I 
7,640   j 
7,900 


Kuti mated  imndhhj  tUm-hanje  t^f  North  Phdtc  Hirer  at  (inmineij,   ^Vyo. 
[Dminngc  nrwi,  ]G,2I3  wnmrf  iiiiles.] 


Month. 


1902. 


April 

May 

June 

July   

Auj^UHt 

Septeinlu'r. 
OctolKjr  ... 
November. 
I)ee«*iii]>er  . 


Discharge  in  Heound-feet. 


Rnu-<»ff. 


Maximinn. 

Minimum. 

Mean. 

i 

Total  in 
aere-feet. 

Se<'on«l-fetrt 

iK-T  s«iuare 

mile. 

UeptJi  in 
iiu"ht>- 

3,  780 

740  1 

1,S.S5 

111,949 

0.  12 

0.  i:> 

8,  KU) 

3,280  ' 

5,  55(> 

341,015 

..34 

:^ 

7,  iHK) 

2,  780  I 

(),  131 

3(>4,  181 

.38 

.42 

2,  335 

780  , 

1,3m  j 

80,061 

.     .08 

.(^ 

625 

220 

400  1 

24, 552 

.  02 

SXl 

430 

175  1 

196  1 

ll.(>()2 

.01 

.01 

490 

430  ; 

4:-..  j 

2(),  750 

.03 

.O:^ 

555 

490  1 

51(3    1 

:{0,  fK')0 

.03 

.o:^ 

870 

490  ' 

mw 

40,  6S9 

.(M 

A^^ 

LllTLK    LAUAMIE    UIYKR    NKAK    llAITON.   WYO. 

This  sbition  wjis  established  in  \W:1  by  H.  P.  Flomino-.  It  is  locutc**^ 
at  ail  old  bridofo  'It)  milos  northwest  of  Laiuniii*,  Wvo.  The  gajr^*  is  •* 
plain  start'  graduated  to  feet  and  tenths  and  secured  to  the  bridt^e.  I^ 
is  read  twiee  daily  by  »J.  M.  May,  a  ranehnian,  who  lives  about  7*^^ 
yards  from  th(v  ^i^e.  Th(»  initial  point  for  soundintrs  is  a  nail  drivoP 
in  the  bridjj^e  strintjfer  at  the  h^ft  })ank.  TIk^  ehanncd  is  stmitrht  alxivtr 
the  station  and  eurved  Ixdow.  The  water  is  (juite  swift.  The  right' 
bank  is  liable  to  overflow.  The  h^ft  bank  is  hioh  and  rocky.  Therr 
'^s  an  old  channel  at  tlu*  rjtjfht  ot*  tlu^  station   in  which  there   Is  flow  at 
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jitor.     The  l)od  of  the  .streaiii  is  rocky  and  very  ronfrh.     The 

murk  is  on  :i  r<K!k  on  the  l(»ft  })ank  of  the  stream  near  the  ^ajjfe. 

larked  B.  M.  V,  S.  (f.  S.     Its  elevation  al)ove  the  zero  of  the 

as  not  Ihhmi  determined. 

ncr  1902  th(»  following  discharge  measurements  were  made  h}^ 

!^"leming: 

ily  5:  (iajje  lieight,  1.05  feet;  (liH<*harge,  159  pocond-feet. 
ii^ist  21 :  (tji^o  lieiglit,  0.47  foot;  (lifwharge,  .*W)  8e<^on<l-feet. 
<-tolK^r  14:  (Jajre  height,  0.68  foot;  discharge,  51  WMvmd-feet. 

Ihillt/  {/injr  hrltjht,  infert,  of  LUtle  Txiraniie  Jim*r  iwar  Ilafto)!,  W;fO. 


July.       Au«.       Sept.        Oct. 


Nov. 


I>uy. 


July. 


Aug. 


Sept. 


Nov. 


0.  m 

.♦•.0 

0.30 
.30 

.GO 

.30 

•'•0, 

.30 

..50 

.30 

1.00 

..10  ' 

.30 

l.tK) 

..v>  i 

.20 

.90 

.  oT)  ' 

.20 

.90| 

..>5 

.20 

.yo  : 

.40 

.30 

.so  ; 

.45 

.30 

.so 

.55 

.30 

.So 

..'H) 

.30 

no 

.50 

.30 

.s.=> 

.r.5 

.30 

.s."» 

.45  i 

.30 

0.70 
.70 
.70 
.70 
.70 
.VA) 
.GO 
.GO 
.GO 
.GO 
.70 
.70 
.70 
.70 
.70 
.GO 


0. 55 
.55 
.  45 
.45 
.45 
.45 
.45 
.60 
A]0 
.60 
.55 
.50 
.45 
.45 
.55 
.50 


17. 
IS. 
19. 
20. 
21. 
22. 
23. 
24.. 


1.00 

1.1.-. 

1.00 

.95  j 
.90  I 
.SO  j 
.SO  I 
.SO  I 
.so  I 


.so 

.:iO 

.80 

.30 

.75 

.30 

.&5 

.30 

.60 

.35 

.65 

.30 

0.30 

.30 

.30 

.30 

1.20 

1.25 

1.00 

.SO 

.W 

.SO 

.so 

.70 

.75 

.70 


GO 

0.5.-) 

(Jo' 

.GO 

60  ' 

.65 

60  1 

.(w> 

60 

.70 

Gol 

.6.5 

60, 

.  (;> 

60  1 

.GO 

601 

.(tt 

60' 

.60 

60| 

..'V) 

60, 

..55 

60' 

.60 

GOl 

.60 

Rati  tig  table  for  Little  Ixtramie  River  near  lldUon^  ?r//o.,  J  or  190 J. 


Sfcond-ft'tt. 

Frji. 

1 

2.5     1 

0.4 

2 

9.5     '1 

.5 

<\ 

16.5   ; 

.6 

I, 


SfCowi-ffCt. 

24.  5 
:^2.  5 
41.5 


Fat. 

0.7 

.8 
.9 


Srcoud-jtrt. 
54.  5 
72. 5 
96 


Fret.  Sfcinut-frct. 

1.0  ,  13,3 

1.1  J  188 

1.2  248 


hlKtiiHcUed  itumthhi  dvirharf/e  of  Litth'  lAiramie  River  )u'fir  Jfottonj  n'//o. 


Month. 

Dischai 
,  Maximum. 

"jfe  in  Hccon<l- 
Minimum. 

ft'Ot. 

Mciin. 

Total  in  acre- 
feet. 

31. 

1902. 

91 
27 
48 
46 

4,  695 

42 

16 
10 
42 
28 

1,660 

ber.... 

278 

54 

2,856 
2,828 

I)er 

54 

\           *i,'ifib 
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SWEETWATER   RIVER   AT    DEVILS   (iATE,  NEAR   SPLITRCK^K,  WVO. 

This  station  was  established  in  October,  1902,  by  W.  \V.  Schleiht. 
It  is  located  about  one-fourth  mile  above  Devils  (jat<5  and  is  reached 
by  a  team  from  Rawlins  or  from  Cas])er,  Wyo.  The  ga^e  is  of  the 
usual  wire  type,  with  the  scale  board  graduated' to  feet  and  tenths.  It 
is  lead  twice  dail}^  by  Tom  Sun,  jr.,  a  nincher  who  lives  alK)ut  3(Hi 
3'ards  from  the  gage.  The  gagings  an*  made  temporarily  from  a  foot 
bridge  at  Tom  Sun's  house.  It  is  intended  later  to  establish  a  cable 
at  this  point. 

One  discharge  measurement  umdo  hy  W.  W.  Schlecht  on  Octol)er4, 
lt>02,  gives  gage  height  4.02  feet;  discharge,  14.5  second-feet. 

DaUy  gage  height^  infeet^  <>/  Swtrtuuttr  River  at  Derifn  (iate^  Wyo, 


Day. 


Oct. 


1901!. 

1 4.05 

2 4.00 

3 1  4.02 

4 '  4.03 

5 4.03 

C 4.03 

7 4.02 

8 4.01 

9 4.02 

10 4.01 

11 i.W, 


Nov.   Dec. 


4.20 
1.40 
4.40 
4.40 
1.40 
4.ri0 


Duy. 


Oct.    Nov.    Dec. 


12. 
13. 

14. 

I  15. 


i, 


4.08 
4.05 
4.10 


IG. 

I  IT. 
4.40  '\  18. 
4. 45  19. 
4.50  20. 
4.50  I  21. 
4.f)0    '  22. 


•1.07 

4.11 

4.06 

4.11 

4.a5 

4.19 

4.04 

4.14 

4.03 

4.00 

4.0<» 

4.05 

4.07 

4.00 

4.05 

4.05 

4.04 

4.05 

4.09 

4.00 

4.09 

4.10 

Dec. 

Day. 

1 

Oct. 

4.09 
4.09 
4.10 

Nov.  Dec. 

4.50 

'  23 

4  10  1  4.50 

4  50 

j  24 

4.05   4.55 

4  50 

I  '26 

4.15  '  4.60 

4  40 

'  26 

4.15  1  4.55 

4.40 

!  27 

1 
4.15   4.4S 

4.40 

28 

4.20   4.40 

4  40 

'  29 

4.20   4.5P* 

4  45 

1  30 

4.20  '  i.^ 

4.40 

*31 

.   ...'■    4.?* 

4.00 
4.rH) 

1 

SOUTH    PLATTE   RTVER   AT   BKJSPKINCJ,  NEBR. 

This  station  was  established  September  5,  11K):>,  by  J.  C.  Stevens. 
It  is  locates!  on  the  highway  bridge  one-fourth  mile  south  of  Bigspring* 
Nebr.     The  gage  is  of  the  usual  wire  type,  graduated  to  feet  and  tenths, 
and  )x)lted  to  the  girder  of  the  bridge.     Jt  is  re^id  daily  b}^  Victor 
Root,  a  schoollK)y,  who  lives  near  l>y.     The  measurements  are  made 
from  the  bridge,  and  the  initial  point  for  soundings  is  on  the  upstreaiu 
side  of  the  north  end  of  the  ])n(lge.     There  is  a  short  l>end  a]K)ve  the 
station  and  Inflow  the  station  th(»  river  is  straight.     The  banks  are  not 
liable  to  overflow.     The  bed  is  sandy  and  shifting.     The  bench  mark 
is  a  Unit(»d  States  Geological  Survey  bench  mark  (marked  ''U.  S.  Geo- 
logical Surv(\v  B.  M.     Elevation  above  sea,  8,87i)  feet''),  located  about 
200  feet  north  of  the  Union  Pacilic  depot,  on  the  west  side  of  the  street. 
Its  elevation  is  8,370  feet  above  sea  level.     The  elevation  of  the  floor  of 
the  bridge  over  the  zero  mark  of  the  gage  is  3,873.05  feet.    When  the 
gage  reads  zero  the  surface  of  the  wat(^r  is  \K\  feet  )>elow  the  floor  of 
the  bridge  over  zero  mark  on  the  rod  and  3.3G4.S5  below  bench  mark 
described  above. 


kELL.] 


PLATTE   RIVER   DRAINAGE    BASIN. 


73 


[  iage  heights  were  taken  of  the  water  surface  when  there  was  no 
rface  flow  by  digging  in  the  sand. 

Discharge  mecwurements  of  South  Platte  River  at  Bigspring,  Nebr. 


Date. 


1902. 

ptember  5 

ptember  23 


Hydro^rapher. 


J.  C.  Stevens. 
H.  ().  Smith  . 


Qaffe 
height. 


Pert. 
1.00 
1.65 


Discharge 


Second-/^. 
0 
173 


iMiHy  gage  height,  infect,  of  South  Platte  River  at  Bigspring,  Nebr, 


Day. 

Sept. 

Oct, 

Nor, 

Dajf. 

SepL. 

Oct, 

Not, 

Day. 

Sept. 

oci. 

Nor, 

i*saL 

LBD 
l.«0 
I  W 

Lto 

i.m 

J.  60 
1.60 
1.50 
1.50 
U60 

l.ffi 

1.4A 

i.ao 

1.25 

12 

I.OO 
1.00 
l.OD 
1,10 
I.JO 
1.16 
1.30 
Facia 
2.00 

LS6 
1.35 

L3& 
1.2& 
1.^ 
L3S 

1,20 

l.so 

LS& 
U30 

i.ao 
].ao 

1.90 
1.30 
1.^ 

i.ao 

l.SS 
J. 30 
1*30 

IS 

i.ao 

2.40 

1.90 
l.«0 
1.80 

1.25 
U25 

L2a 

1.26 
1.25 

1  30 

( 

13 „.„ 

ai ,.. 

t.iso 

S... 

14 „„,, 

2S.,..,, 

LfW 

1 

Ifi 

ae 

I. as 

5.... 

LOO 
1.06 
1,W 
l.CO 
LCO 
l.flO 
1,00 

le. 

2? 

I  U5 

& 

i  17,... 

28.**,.  ..**.. 

LfW 

*.*..i..  ..  +  * 

m.. 

^ 

1.45 

1.... 

19............ 

eo..„.. 

(«> 

».„...    , 

20..,....*,*.* 

%\    . 

n....... .  . 

ai 

lU... 

aa... 

aObservatloiM  were  discontinued  November  29. 


SOUTH   PLATTE   RIVER  AT  JULESBURG,  COLO. 

This  station  was  established  April  2,  1902,  by  John  E.  Field,  at  the 
wagon  bridge  crossing  the  South  Platte  River,  about  1  mile  southeast 
of  Julesburg,  Colo.,  a  station  at  the  junction  of  the  main  line  and 
Denver  branch  of  the  Union  Pacific  Railroad.  As  this  is  the  last  sta- 
tion on  the  South  Platte  River  in  Colorado,  and  is  also  below  all  irri- 
gation ditches  in  Colorado  taking  water  from  the  South  Platte,  with 
the  exception  of  one,  it  is  of  considerable  importance  for  securing 
^ta  relative  to  the  flow  of  return  waters  as  well  as  the  natural  flow  in 
the  main  channel.  However,  the  conditions  at  this  station  are  not  as 
lesirable  as  they  should  be,  owing  to  the  great  width  of  the  channel 
»«d  the  general  instability  of  the  bed  of  the  stream,  features  chamc- 
€ri«tic  of  the  whole  course  of  the  South  Platte  River  through  this 
»rt  of  the  State.  The  channel  at  this  point  is  about  one-half  mile 
n'de,  and  at  low  stages  of  the  river  it  is  badly  broken  up  by  islands, 
lusing  the  stream  to  flow  in  several  different  channels.  The  banks 
"6  low,  but  do  not  overflow.  The  bed  of  the  river  is  dry  during  the 
•eater  part  of  the  year  and  is  shifting  and  unstable,  being  com- 
bed entirely  of  sand  and  gravel. 
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Mciisuroments  aro  usually  made  by  wading,  hut  may  be  made  from 
the  wagon  bridge  at  high-watiM-  .stages.  The  observations  are  taken 
once  daily  by  Uoyd  rfeidvins,  who  liv(\s  in  ffulesburg.  'Vhv  gag(»  r«><l 
consists  of  a  2  hy  4  inch  timber  7  feet  long,  spiked  in  a  vertical  {xj^i- 
tion  to  a  piling  on  the  downstream  side  of  the  l»ridg(»,  about  150  feet 
from  the  north  end.  No  IhmicIi  mark  has  been  established,  but  the  rod 
is  securel}'  spiked  to  the  piling  and  any  change  in  the  }X)sition  of  tlie 
rod  is  hardly  possible.  The  initial  point  for  sounding  is  tlie  left  or 
north  bank. 

Tlu»  following  discharge  measurements  wen*  made*  during  lJ>o2  hv 
J.  E.  Field,  S.  G.  Lees,  and  R.  W.  Ilawley: 

April  2:  (Ja^e  height,  1.30  feet;  discharj^e,  :VS  seeoiul-fei^t. 
OctolxT  10:  (Ja^e  height,  1.58  fet't;  (lincharj^e,  13.S  .secoiid-foet. 
November  S:  (iage  height,  1.15  feet:  (Hscharge,  81  Hecond-ftvt. 

Daily  g<njc  heiglii,  in/eft,  of  South  Phtttf  Rlnr  at  Jufexhunj,  (bio. 


Dnj. 


Apr. 


May.   I  June 


.    I 


July. 


1 

'   1.30  I 

2 

1.30 

3 

1   1.30 

4 

1.30  1 

5 

1   1 .  25 

G 

,.•...-. 

1.25 

8 

1.20 

y 

i.-iol 

10 

'   l.*»j)  i 

11 ].•_»()  1 

1'2 

i   1.20  1 

13 

1 
:   1.20  1 

1 
14 - ■   1. 1:»  . 

15 

1      ' 
1.  1(»  1 

16 

i.:u»  1 

17 

1 .  :iu 

IS 

1.2.-.' 

19 

1.2t.' 

2() 

1.20  ! 

21 

l.j:>  1 

22 

l.:lO  1 

2:i 

1.  10  1 

21 

l.;io  1 

2")  

l.:i(» 

20 

1.2.") 

27 

1 .  20 

28      

1.20 

29 

1.20 

:K) 

1 .  20 

1 
31 

A  UK'.    '    Sept. 


1.20, 

1.20 

1.10 

0.75  1 

1.25 

1.10  ' 

1.10 

.75  1 

1.25' 

i.o.->  ' 

l..^.o 

.75 

l..r>  1 

i.a5 1 

1.25 

.80, 

1.20' 

1.05' 

1.15 

..SI)  , 

1.20 

1.15! 

1.1.-. 

.so 

1.20 

1.15 

1.15 

.75 

1.1.-. 

1.1.-.  1 

l.(K> 

.75 

1.1:. 

l.(K) 

I.(K) 

.7.'. 

1.1.'> 

1.00  1 

I.IH) 

.75 

1.15 

1.00  ; 

.W 

.75 

l.:U) 

1.00  1 

.'M) 

.75 

1.2<» 

i.:i:.  , 

.W 

.  7-5  ! 

1.20 

1.2.-., 

..M) 

.7.-. 

l.:iO 

1.25  , 

.SO 

.7.-> 

1.2:. 

1 .  20 

.su 

.  75 

1.20 

1 .  20 

.Ml 

.7.'. 

1.1:. 

1.10 

.  M) 

.  70 

1.20 

1.10 

.."Ml 

.  70 

i.:io 

1.10 

.Ml 

.70 

1.20 

l.lo  i 

.  Ml 

.Ml 

1.1  ■> 

1.00 

.M) 

.Ml 

1.1.-. 

I. 00 

.  M) 

.  Ml 

I. 10 

.  '.»5 

.  Ml 

.Ml 

1.10 

.  '.15 

.  S.'» 

.Ml 

1.2.-. 

.'.H) 

.  S.'i 

SO 

1 .  25 

I.IK) 

1 .  7.'. 

.Ml 

1 .  25 

1.  10 

1.0:1 

.  Ml 

1.-20 

1.10 

.  Ml 

.7.-. 

1.2.-. 

1.  10 

.  Ml 

.  7-> 

1.2.-.  . 

.  7-. 

.  7.'. 

1 .  20 
l.'K)  ' 
L'.U)  ' 
2.00  ' 
2.00 

2.  10  ' 
2.20  ' 

2.;;o] 
2.  :)0 

2.  :?o  , 


2.30 
2.20 
'2.W  I 

1.80  I 

1.7.-. , 

1.7.)  , 
1.70 
1.70  I 

l.(M 

1..V,  I 

i.:.o 

1.15, 
1.  10  , 
1.40 
■  .:v.  I 
i.:io  1 

1.25  ; 
1.2(» 
1.20  1 
l.L»t) 
1 .  20 
1.25 

1.--.S  1 

1 .  25 
1.20 
1.20 
1.20 
1.20 
1 .  20  • 
1.15 
1.15    . 


Nov.        T>er. 


1.15  1.10 

1.15  1.41) 

1.15  1.40 

1.15  ,        1.55 

1.15  ,        1.75 

1.1.^  l.W 

1.15  2.  IK' 

1.15  2.2ii 

1.1.-.  ,        2.l-:i 

1.15  I        2..'i<i 

l.ir.  2. -TO 

1.15  2.-XJ 

1.1:.  za^ 

1.20  2.(it» 

1.20  2.iV 

l.JO  2.«<< 

l.-JO  2.fX) 

1.20  2. 'HI 

1 .  20  2. 70 

I. -21)    

1.'20  2.7.". 

1.20  2.  SI 

1.2tl  'ISi 

1.2t)  "J-N' 

1.20  ,        2.^.1 

1.2.-)  1") 

].;m)  

1.40  ' 

1.40    

1.10  I 
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Rating  tnhU  for  SinUh  Platte  River  at  Julenhnrg,  Colo.  ^  for  1902, 


Frrt. 

0.  S 
.  \\ 

l.O 

1.  \ 
1.2 
1..S 


I)i?*<hHr;xe. 

tfHKO 

heij?ht. 

Secojni/(ft. 

»W. 

4 

1.4 

9 

1.5 

15 

^       1.6 

23 

i     1-7 

.•iT) 

i       l.S 

52 

1       1.9 

DiM-hnrKf. 


height.      *»^»»«n.».    I    height. 


S4-(^>H(l-/t'(:t. 

Fed. 

75 

2.0 

ia5 

2.1 

144 

2.  2 

195 

2.3 

258 

2.4 

:m 

2.5 

Srcun(l-/ttt. 
407 
488 
573 
(J62 
755 

a52 


2.6 
2.7 

2.8 
2.9 


I 


Dist-harg*'. 
Secomi'/trt. 

953 
l,a58 
1,167 
1,280 


Eiftimateff  innnthbj  discharge  of  South  Platte  River  at  JuMmrg,  Colo. 
[Drainage  area,  20,598  square  niilt^.] 


Month 


Total  in  acre- 
feet. 


Run-<»ff. 


Seeond-feet  I  ^     ^j^  j 
IKjrwjuare  |    jj^^jjei 


0.0022  j 

0.0025 

.0017  1 

.  0020 

.0014  1 

.0016 

.0010  1 

.0012 

.0001 

.0001 

.0074  , 

.0083 

.006,3  , 

.0073 

.0018 

.0020 

.  03()9 

.  0:J43 

MIDDLE    CUOW   ('KEEK  NEAR   HKCI.A,  WYO. 

This  station  wiis  ostahlishod  March  24,  11)02,  by  A.  J.  Parshall.  It 
s  l<H*attHl  4  luilos  northwest  of  Herla,  Wyo.,  on  a  foothridgo.  The 
faj^e  is  attaciied  to  the  timlwr  of  the*  bridge,  and  is  graduated  to  hun- 
Iredths  of  a  foot.  It  is  read  twice  daily  )>\'  Hugh  W.  McCiee.  The 
nitial  |K>int  for  soundirg  is  on  the  left  bank.  The  channel  is  straight 
ibov(^  the  station  and  curved  below.  The  right  ]>ank  is  low  and  sub- 
ort  to  overflow.  The  left  ])ank  is  high  and  does  not  ov(uilow.  The 
;>ed  of  the  stn^am  is  sandy.  The  bench  mark  is  a  notch  cut  in  a  tree 
)  feet  ejist  of  tht*  gage.  Its  elevation  is  4.1  feet  above  the  z(»ro  of  the 
L^'age. 
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STREAM   MEASTIREMENTS    IN    1902,   PART    III.  [so  81 

Uixcliartje  meiunirrmentj*  of  Middle  Croir  CVeek  near  IfeHOf  ]Vtfo, 


Date. 


Hydrr»grapher. 


r 


1902.  I 

March  24 '  A.  J.  Parshall. 

April  20 do 

May  7 <1() 

May  14 do 

May  20 do 

June  1 i do 


I     <ia«e 
>   height. 

'  0.80 
'  2.20 
2.40 
I  2.50 
I       2.20 

i.a5 


I 


Dwhuriee. 

Srruiid-irit 

3 

i; 

28 
31 


Dttily  gage  height,  in  feet,  of  Middle  Crow  (Wek  near  Heclct,  Wyo. 


D&j. 


April. 


May.   I  JiiiK'. 


1. 

2. 

8. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
Ifi. 


0.80  I 
.HO 
.HO  I 
.80 
.>0  I 
.80  j 
.IK)  ' 


.an 


1.15  I 

i.2r»  I 

1.40  j 

1.10  I 

i.;i^  i 

1.25  1 

1.0.->  I 


2.35  ' 
2.50  ' 
2.50  ' 
2.45  I 
2.35  ' 
2. 35 

2.:w 
2. ;m)  I 

2. 3.-) 

2.40 

2.35 

2.27  I 

2.40 

2.40 

2.10  ' 


July. 


Day. 


I  April.      May.  !  June. 


1.15 
1.05 

.90 

.HO 

.85 
.85 

.87' 
.82' 
.75  1 
.70  ' 
AA)  ' 
.U)  ! 

.w ' 

■H 

A\0  I 


0.73  I 
.73 
.r»5  ' 
.(iO 
.50 
.50 
.4K 
.  45 
.45 
.45  ' 
.48 
.43 
.40 
.40 
.40 
.40 


17 

1.00 

18 

1.36 

19 

1.75 

20 

2.10 

21 

!   2. 30 

22 

1   1.65 

23  .  .  .. 

'   1  25 

24 

1.35 

25 

1.40 

2*; 

1  40 

27.   . 

1  .V) 

28 

1  85 

29 

l.yo 

:m) 

2  40 

31 

July. 


1.80  ' 

0.55 

0.40 

1.80 

.56 

.48 

2.05 

.65 

.68 

2.10 

.65 

.67 

1.70  ! 

.GO 

.6S 

1.67  1 

.55 

.50 

1.50  1 

.50 

J0 

1.43  1 

.45 

.45 

1.32  1 

.32 

.40 

i.a5  1 

.30 

.40 

l.fi2  ' 

.a-s 

.*.! 

1.70  1 

.70 

.45 

1.40 

1.12 

.40 

i.:?6, 

.90 

.35 

1.20  L 

3l» 

Rating  t able  fin-  Middle  <Votr  ('ml:  near  Jfcr/a,  WgtK,  for  JiiO-i. 


lu>ight. 


Ft,t. 

.0 

0.1 

.4 

.  '^ 


l)iwliuixr. 

Strniul-ffft. 

0.  5 
1.0 
l.T) 
2.0 
2.5 

;j.  5 


hi'iKht. 


Ff,t. 
0.7 
.8 
.9 
1.0 
1.1 
1.2 


\i\sr\mriiv 


Simwl/nt. 

4.5 


9.0 
10.5 
12.0 


j,;:;;j5;;.  |  i.iMhnn.o. 


1.4 
1.5  ' 
l.<>  I 
1.7 
l.s  ' 
1.9  I 
2.  0 


(iage 
hfijfht. 


Srrtnifl-Ott.    ' 
l:{.5       li 

15.0     I 

1().5     I 

IS.O     I! 

II 

H..5     II 

L>l.()     l| 

.'.'.5    !! 


Fnt. 

2.1 
2.2 
2. :{ 
2.4 
2.5 
2.0 
'2  7 


l>ls<huTX«' 

24.0 
25.  r> 
27.0 
28.5 

,mo 
m.i) 
a3.o 


ruLul  PLATTE   BIVER   DRAINAGE    BASIN. 

Kstiiwfted  itwnthly  discharge  of  Middle  (.yt)iv  Greek  iwnr  HecUij  Wyo. 
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Month. 

DischarKe  in  aecond-feet. 

Total  in  acr^ 

Maximum. 

Minimum. 

Mean. 

feet. 

1902. 
:>ril 

28.5 

mo 

9.8 
4.8 

5.5 

10.5 

1.5 

1.5 

12.6 

22.4 

4.4 

2.6 

750 

av - 

1,375 

me 

263 

ilv 

161 

SOUTH    PLATTE   RIVER   AT   KER8EY,  COLO. 

This  station  was  eHtablished  April  27,  1901,  at  Kersey,  a  station  on 
the  Union  Pacific  Railroad,  about  6  miles  east  of  Greeley,  at  a  bridge 
U  wiles  north  of  the  railroad  station  itself.  This  station  was  intended 
to  take  the  place  of  the  one  previously  maintained  at  Orchard,  Colo. 
Tliis  point  was  selected  on  account  of  the  regularity  of  the  channel 
and  the  fact  that  there  was  a  wagon  bridge  crossing  the  river  from 
which  agings  could  be  made  at  high  water.  It  is  of  particular  v^alue 
owing  to  the  fact  that  the  point  is  just  below  all  the  important  tribu- 
taries of  the  South  Platte,  which  derive  their  supply  from  the  mount- 
ain region.  It  is  also  at  about  the  point  where  water  could  be  used  to 
the  be,st  advantage  for  storage  in  reservoirs  along  South  Platte  River 
in  northeastern  Colorado.  The  observer  is  Edward  K.  Plumb,  who 
hve,s  near  the  bridge  and  reads  the  rod  daily.  The  gage  rod  consists 
of  a  vertical  2  by  6  inch  timber,  8  feet  long,  marked  in  feet  and  tenths 
and  spiked  to  the  downstream  side  of  the  third  pile  of  the  ])ridge  from 
it«  south  end.  The  initial  point  for  soundings  is  the  right  bank,  down- 
'^treani  side,  the  bridge  being  marked  ever}'^  10  feet.  The  right  bank 
Js  high  and  not  liable  to  overflow,  but  the  left  is  low  and  water 
i^preads  over  a  considerable  distance  at  high  stages. 

The  following  discharge  measurements  were  made  during  1902  by 
J.  K.  Field  and  R.  W.  Hawley: 

January  3:  Gage  height,  2.65  feet;  discharge,  6.S4  second-feet. 
February  28:  Gage  height,  2.70  feet;  discharge,  700  second- feet. 
April  2:  Grage  height,  1.85  feet;  discharge,  328  8e<'ond-feet. 
August  15:  Gage  height,  1.30  feet;  discharjjje,  62  second-feet. 
November  2:  Gage  height,  1.65  feet;  discharge,  188  second-feet 
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8TBEAM   MEASUBEHEKTS   IN    1902,  PART   HI. 


[IC0.81. 


Daily  gage  heigJU,  in  feetf  of  SoiUh  PinUr.  River  at  Kerseij,  Ojfo. 


l>iir- 


7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 


20. 

21. 
22. 
23. 
24. 
25- 
*). 
27. 


vaoiL 


4 

6 


2JS 

29 

30 

31 


jwn,    Feb. 


I 


2.^ 

%^ 

2.7& 
2>7S 

a.  70 

2,70 
%S& 
2.U 

2.m 
xeo 

2.  so 
S.60 

%m 

1.60 
2.50 

a.dO 
%m 

2.  Oft 

3.  so 

3.50 
a.  50 
3.m) 
S1.50 


a.iio 

1. 10 

t.m 

3.30 
2LdO 

a.iw 

2.05 
2L4i0 
2.00 
2.60 
"  2.70 
2.75 
a:.  90 
2.  SO 
2.|i0 

%m 

2.  SO 
2.  SO 

2.  SO 
2.80 

%m 
a-7B 

2.76 
2.70 
2.70 
2,70 


Mjlt,    Apr.    Ma  J, 


I 


2.70 
2.6S 
2,0.^ 
2.  OTi  , 

2,(10  I 
2.  CO  , 

2.  no 

xoo  ' 

2.50 

^m 

2.40 
2.30 
XSW 
2.2f> 
2.25 

2.30 
2.1J5 
2J0 
2.00 
2.00 

2,W 
I   "i.lKJ 

JJ.N> 
J. Oft 


I.Hi 

].Kr>  j 
i.«*  I 
l.»r* 

l.Ki  ' 

1.75  I 
1.7 A 
1.(10  ' 

l.fiO  : 


1.10 
l.]0 
1.10 
l.M 
1.7fi 
1.50 
1.20 
1.20 
1.20 
1.20 


1,10 
MO 
1.10 
LIO 
IhIO 
1.10 
L  10 
MU 


1,40 
1.40 

].4<> 
1.40 
l.«> 
1.4.1 
l.-Hi 
l.Tjt) 
1.(iO 


Jtino. 


Jtily,   Au#. 


l.ftO  I  1.30 
1.45  1.30 
1.  10  I  i.m 

l.Xi  I  1.30 
I.Jfi  I  l.J*0 
L^>     1.30 

i.jA  I  t.:io 

1.20  I  ^30 

1.30  '  1.4fl 

l,'^  I  1.40 

1.10  I  1.40 


1.00 
l.liO 
LTiO 
I.iO 
1  40 
■  *0 
1.40 

4{J 

40 

40 

40 

l.iO 
L4D 

l.^tO 

t.»0 
l.UO  I 
l.W  i 
1.30 
I.^Hi  ! 

i.m.' 

L:ur  I 

tSTi  ' 

1.  :v'> 

L:ti 

I 

X.75 


1.50  I 

1.40 
L40  I 
1.40  I 
l.^iO 
l.W  I 

um '' 

l.tiO 
1.60 
MO 
1.40 

LMl> 
l.iW 

).;io 

1.30 
l.lHt 

K»0 
l.SW) 

I.  mi 
l;io 


I 


l.»0 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
1.30 
l.:iO 
1.30 
1.30 
1.30 
U:W 
1.30 
1.30 
1.30 
1.30 
l.SO 
L30 
1.30 
l.JKl 
L30 
1.50 
].10 
1.40 
I.  10 
1.10 
1.40 
l.jo 


Sept.    (H't.  I  .\()v.    Ik-.. 


1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
40 
HO 
40 
4,1*0 
4.00 
3.110 
2.40 
2.00 
2.00 
2. 20 
2.10 
2.00 


I 


r 


2.00 
2.00 
2. 00 
2.00 
2.00 
2. 00 
2.00 
1.9.'» 
1.95 
1.95 
l.'.WS 
1.95 
1.90 
l.SO 
1.75 
1.75 
1.65 
1.00 
l.fiO 
1.60 
1.  To 
l.a5 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.75 


l.T") 
l.^^» 

1..S1  I 
l.H) 

l.W 
l.«0 

l.w  I 

l.SO  I 
1.80  1 
l.W  ' 
1.^^0  I 
1.80 
1.80  ' 
1.80  I 
1.90  : 
2.00 

2.40  ! 
2.40  I 
2. 3=i 
2.30 
2. 80 
2.») 
2..'i0  ! 
•J.  :jo 
2.  'M^ 
2.  ;50 


■j.:» 
■J.:50 

136 

2.30 

2.35 

130 

2.38 

2.36 

•139    I 

2.3B    ■ 

2.S) 

2.35 

2.40 

145 

150 

150 

150 

150 

IfiO 

2.«)0 

lA") 


2. 10 


Ratbi4j  tohlcfor  South  Phittc  R'nrr  nt  Kcrsfij,  <'(f/<)../nr  190^. 


DischarKc.        hHg?lL    '    I^''^^'1'»''k.- 


StTond-Jni. 
2 

4 

8 

14 


/•>>/.       1  S<Ciriui-ftit. 

1.4     I  105 


1.8 
2.0 


59     f       2. 4 


170  !' 

243  \ 

.'^25  ' 
42.". 


(ia^r 
l)ciKlit. 

2.  (; 

2.8 
X  0 

:j.  2 

3.4 


527     1 1       3.<> 


I)i<cliurj::i'. 


I       (JuKr 


S^rond-0'f.   I 

().S7     I 
770     I 

1,139     I 
1,  3S() 

1,  im   I 


hoierht. 

3.  8 
4.0 
4.2 
4.4 


I 


DisclmiX'O. 

SfTOlifl-JOf. 

l,iH>5 

2, 2(U 
2, 557 
2, 853 


I 


PLATTE    RIVER    DRAINAGE    BASIN. 
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E9iimat*:d  mmtthhi  dwrhnrtjc  <*/  South  Plallt'  Rim-  at  Kertft'if^  (  olo. 
[DraiiJHKe  nreH,9.l70  Hiinnn-  miles.] 


1 


DisclmrKf  in  srcoml-fiH't. 


Knii-<»fT. 


Month. 


1902. 


Maxiniuni.      Mininiinn. 


Ut. 


IHT. 
XT   . 


'ht'  vi*ar  . 


2,tm 


Moan. 


I  Total  inarre- 

ivvl.  I  Sfcond-fcft 

i  JKT  Mnuart'  I 
I        luilc. 


Depth  in 
inches 


i,r)24  : 

580 

8.'^] 

51,404 

0.0H88  1 

0. 101 

1,524 

m: 

8(>2 

47,  87.S 

.  imo 

.095 

7(H) 

282 

48r> 

2<),  m\ 

.OoKJ  ' 

.  059 

2()2 

42 

122 

7,  259 

.0129 

.014 

224 

42 

1M> 

5,  m:i 

.0111 

.013 

1,891 

80 

158 

9,  402 

.0107 

.019 

580  , 

80 

124 

7, 024 

.oi:n 

.015 

105 ; 

80 

85 

5,  220 

.0090 

.010 

2,(«1 

80 

:ii;:{ 

21,  (HH) 

.  o;{8;5 

.  043 

:^25 

170 

249 

15,310 

.  020:5 

.  030 

527 

224 

;;:u 

19, 874 

.  o:>5:5 

.  039 

m7 

475 

5:{2 

:i2, 711 

.  0502 

.  065 

42 


354         254,  (X)9 


.  0375 


.  503 


BIG    THOMPSON    CKEKK    NKAll   ARKINS,    COLO. 

^  strt»ani  drains  the  couiitrv  iininodiati^ly  noilh  of  that  draiiuid 
'  headwaters  of  St.  Vniiii  Creek,  and  is  one  of  the  lar<,a»st  trihu- 

of   South   Platte  River,  into  \vhich«it  empties  al)out  4  miles 

the  town  of  Evans.  Little  Thompson  Creek  is  an  important 
irv  of  \V\g  Thompson  Creek,  and  the  eountry  drained  In-  these 
reams  makes  up  irrigjition  district  No.  4.     The  junction  of  these 

is  near  the  lower  end  of  the  district,  a  short  distance  above  the 
where  their  combined  waters  entcM-  the  South  Platte. 
>rds  of  the  How  of  thissti'eam  wen*  ))ef^un  in  April,  ISSS.  The 
I  was  estal)lished  at  its  prestMit  location  on  April  1,  iSiK).  The 
iversion  above  the  ^agincr  station  is  Handy  ditch,  a  record  of 
^c  heights  of  which  is  kept  by  the  water  commissioner  of  that 
t,  »l.  M.  Wolaver,  who  also  kept  the  records  of  Big  Thompson 

at  this  point  during  the  year  VMH).  It  is  ncH-essary  to  include 
^charge  of  Handy  ditch  in  order  to  o))tain  the  total  run-otf  of  the 
The  rod  is  a  vertical  2-inch  by  4-inch  timber  fastened  to 
wnstream  side  of  the  right-hand  vnd  of  the  wagon  i)i'idgeon  the 
of  John  Cliasteen.  The  l)ench  mark  is  25  feet  south  of  the 
iind  is  a  nail  in  the  root  of  a  cottonwood  stump,  the  head  of 
il  being  i>.35  f(»et  al)ove  the  zero  of  the  gage.  The  channel  of 
ream  is  lined  with  bowkhus  and  is  very  rough,  but,  wot  ^,^\w% 
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likely  to  change,  it  furnishes  a  good  point  for  obtaining  accura 
measurements.  A  permanent  station  could  be  located  here  to  adva 
tage.  Like  the  other  tributaries  of  the  South  Platte,  nearly  all  of  t 
normal  flow  of  Big  Thompson  and  Little  Thompson  creeks  is  used  f 
irrigation,  and  during  the  high-water  stages  the  greater  part  of  t 
volume  is  diverted  into  large  reservoirs,  from  which  it  is  used 
advantage  later  in  the  season. 

The  following  discharge  measurements  were  made  during  1902 
J.  E.  Field  and  M.  C.  Hinderlider: 

August  30:  C4age  height,  0.75  feet;  86  second-feet. 
November  14:  Gage  height,  0.42  feet;  28  second-feet. 

Daily  gage  heighly  infeety  of  Big  Tliompsoii  (Yeek  near  Arkins^  Colo.<^ 


Day. 

May. 

1 

1902. 

2 

3 

4  i 

5 

6 

1 
7 

8 

9 

10 

11         .       ....       .        

12 

13 

14 - - 

15   .   ... 

• 

16 

17 

1 

18 

19 

20 ' 

21 

22 

23 

24 - - .  - 

25 

0. 00 

26 

1.20 

27 

1  50 

28 

2.00 

29 

l.tJO 

30 

2.00 

31 

2.10 

2.10 

2.00 

1.80 

2.00 

2.20 

2.00 

2.00 

2.20 

2.20 

2.30 

2.20 

2.00 

1.90 

1.90 

2.00 

1.90 

1.80 

1.70 

l.r.0 

1.60 

1.60 

1.60 

1.50  ' 

1.60  I 

1.60  j 

1.60 

1.50  ; 

1.60  i 

1.70 

1..50' 


Aug. 


1.40 
1.20 
1.30 
1.30 
1.20 
1.10 
1.00 
1.00 

.90 
1.00 
1.00  I 
1.00  : 
1.00 
1.00 
1.00 
1.00  I 
1.00  I 
1.60 
1.40  I 
1.10  I 
1.00  I 
1.00  , 
1.00  \ 
1.00  j 

.90 
1.00  ' 

.90 

.80 

.80 

.80 

.80 


0.80 
.80 
.80 
.90 
.90 


Sept. 


0.60 
.60 


.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.50 
.40 
.40 
.40 
.40 

..T(» 

1.00 
1.20 
1.10 
.90 
.80 
1.10 
1.00 
.90 
.90 
.80 


a  To  secure  total  discharge  of  Big  Thompson  Creek  in  figuring  run-off,  etc.,  add  number  of  sec 
feet  flowing  in  Handy  Ditch  for  corresponding  dates. 


PLATTE   RIVER   DRAINAGE    BASIN. 

ating  tahiefor  Big  Tfiom})son  Creek  near  Arkimf^  (V;/</.,  for  190.*. 
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1 

DiHcharge. 

Gage 
height. 

Dwcharge. 

Gage 
height. 

second-feet. 

Feet. 

Scantd/eet.  \ 

Feet. 

1 

0.8 

96     ' 

1.4 

12 

.9 

118 

1.5 

26 

1.0 

143 

1.6 

41 

1.1 

172 

1.7 

58 

1.2 

203 

1.8 

76 

1.3 

236 

1.9 

Ifischarge. 


Seevnd-feet. 

271 
310 
350 
393 
439 
486 


height,  i  J^i*^»»»nce. 


Feet.       ,  }>(Ortid-/eii. 
2. 0  539 


2.1 
2.  2 
2.3 


593 
650 
710 


Kiied  moiUhly  dimhwge  of  Big  Thompson  C^eek  near  Ark  ins  j  Colo.^ 
[Drainage  area,  SO.'S  s<iuare  iniie«.] 


Discharge  in  Mccond-feet. 


Maximum. 


35 
659 
773 
385 
130 
238 
198 


Minimum.       Mean. 


20 

29 

80 

299 

310 

505 

108 

182 

67 

W 

34 

89 

46 

98 

Run-4 

►ff. 

Total  in  aere- 
feet. 

Second-feet 

per  Miuare 

mile. 

Depth  in 
inchcH. 

1,  726 

0.10 

0.11 

18,385 

.98 

1.13 

;w,050 

1.66 

1.85 

11,191 

.60 

.69 

5,5:^ 

.:30 

.35 

5, 296 

.29 

.32 

6, 02(i 

.32 

.37 

nThe  dlBcharge  of  Handy  Ditch  is  included. 


ST.  VRAIN  CREEK  AT  LYONS,  COLO. 


n  of  Lyons  is  situated  between  the  north  and  south  forks 
in  Creek,  the  forks  uniting  at  a  point  about  1  mile  east  of  the 
he  town.     Records  of  the  flow  of  the  creek  at  or  near  L3^ons 

kept  since  April,  1888,  except  during  the  years  18^)3  and 
the  station  was  not  put  in  its  present  condition  until  May  5, 
5  w^hich  date  records  have  been  kept  throufjhout  each  irri- 
^on.     The  present  station  is  located  one-half  mile  southeast 

Colo.,  below  the  junction  of  the  north  and  south  forks  of 
Creek.  The  supply  ditch  takes  water  out  on  the  loft  side 
eam  above  the  gage.  To  obtiiin  the  total  run-off  of  the 
lasin  of  the  creek  at  this  station,  the  amount  of  water  in  the 
'j  be  added  to  the  discharge  of  the  creek.     The  gage  is  an 

by  4  inch  timber,  graduated  to  vertical  tenths  of  a  foot, 

8-1^-03 6 
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the  space  between  the  marks  )>eing  0.184  of  a  foot.  It  is  fastened  to 
posts  driven  into  the  ground.  The  right  liank  of  the  stream  is  lot 
and  liable  to  overflow.  The  left  bank  is  a  railroad  embankment  and 
is  not  liable  to  overflow.  Measurements  are  usually  made  by  wading, 
but  at  high  water  the}'  can  be  made  from  a  wagon  bridge  400  feet 
below  the  gage.  The  bench  mark  is  a  spike  driven  into  the  root  of  i 
large  cotton  wood  tree,  150  feet  north  of  the  gage  rod.  The  head  of 
the  spike  is  6.51  feet  above  gage  datum.  The  observer  during  19(!2 
was  L.  H.  Dickson,  commissioner  of  the  St.  Vrain  water  district, 
who  read  the  gage  during  the  irrigation  season. 

During  1902  the  following  discharge  measurements  were  made  by 
J.  E.  Field  and  M.  C.  Hinderlider: 

July  28:  Gage  height,  2.50  feet;  dischnrge,  91  seeond-feet. 
August  30:  Gage  height,  2.05  feet;  discharge,  31  second-feet. 
November  8:  Gage  height,  2.08  feet;  discharge,  40  second-feet. 

Ikiily  gage  height ^  in  feet j  of  St.  Vmin  Creek  at  Lgotufy  Colo. 


12. 
13. 


16. 

If). 

17. 


Day. 


Apr.       Mny.   i  June. 


.60  ' 
,60  I 

,70 

,82 
,S0 
,So 
,90 
,00 
10 
,00 

,.so 
,so 

,85 
,90 
,H0 
,H.') 

95 
,00 

10 

1.') 


22 

-J  10 

23 

2.0.'> 

24 

2. 07 

25 

J  or, 

26 

2  07 

27 

J.  O'l 

US 

. .    ..                             2  15 

L>y 

30 

.)  .,.' 

31 

:.35 

i.-IO  I 

!.50 

l.'iO 

..fto 

:.55 

:.  5s 
:.7o 
:.  so 

1.90 

10 

•20 

20 

2.5 

35 

22 

IS 

10 
.90 
:.  S.5 
.70 
:.»50 


3.35 
3.15 
3.10 
3.2S 
3.32 
3.;»  I 
3.  a') 
3.  15 
3.  .V» 
3.  15 
3.  :l*) 

3.a-> 

X  .30 

:^.:i(» 
3.  :is 
:i.i5 

3  22  1 
3. 15 
3.  20 
3. 2l> 
2.  95 
2.  95 
2.  '.»2 
2.  9s 


July. 

Aug. 

2.r2 

2.82 

2.70 

2.80 

2.75  1 

2.45 

2. 67 
2.70 
2.  (X) 

2. 50 
2.  J5 

2. 51 
2.  5S 
2.  .5«> 
2.  51 
2.  17 
2.  .50 

2.  .5:^ 
2.  :a 

2.  64 
2.  SO 
2.  HO 
2.  (".0 

2.  r.0 
2.  IS 
2.  13 
2.  IS 
2.  .50 


2.50  I 
2.42  I 
2.45  ; 

2.:» 

2.:i.5l 

2.25  ' 
2.20 
2.  IS 
2.  IS 
2.  IS 
2.  20 
2.20 
2.  20 
2.30 
2.  20 
2. 15 
2. 12 
2. 10 
2. 10  ' 
2. 15 
2.  IS  ' 
2.  IS  j 
2.  OS 
2.  IS  I 
2.  10 
2. 10 
2.05  I 


Sept. 


2.18 
•2.10 
2.10 
2. 10 
2.05  i 
2.02 
2.00  I 
2.00  I 
2.00 
2.  (JO  j 
2.00  ' 
2.a3  ' 
2.00  I 
2.00  I 

'•*■■  i 

1.95 
1.95 
1.95 

i.i»5 ; 
i.a5l 

2.30 
3.00 
2.95 
2.55  ': 
2.  .55 
2.60  I 
2.40  I 
2,40 
2.55  I 
2.50  ' 


(H-t.    j  Not. 


2.45  1 
2.50 
2.50  I 
2. 50 
2.50 
2.  .v. 
2.  40  ' 
2. 35 
2. 30  I 
2.  M  \ 
2. 40 

2.:v> 
2.:i0  '. 


-itf 
2.(8 
2.08 
iOJ 
2.(B 
i(B 


2.20 

2. 15 

2.  ll> 
2.-J0l 
2.20  i 
2. 10 
2. 10 
2. 10 
2.  OS 
2.0'> 
2. 05 


-.WELL.] 
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IkiUtj  ijmje  hvKjhty  iitfi'ttf  of  Supphj  ditch  (U  Ltj(mH,  (Wo." 


Day. 


Apr.    .    May. 


1902. 

0  21 

<) 

•M 

3.  .               

.23 
.25 

1 

5 

6...                            

.25 

^ 

-r. 

8 

.25 

9..                          .                  .  .. 

•25 

10 

„ 

11 

or, 

12.. 

25 

13....                                       ..   . 

•25 

11 

•-. 

\^.. 

•.. 

16... 

•»5 

17....                                        

•25 

I^ 

.25 

19.... 

a).... 

•25 

21 

>. 

23 

.•25 
.'25 
.25 

.25 
.25 

.25 

24 

'£.. 

«... 

'.'7.. 

2x.. 

3... 

3». 

n.. 

y. 

June. 

July. 

A  UK'.    1 

.<^.pt. 

(Ml. 

N<>v. 

•25 

l.W 

0.  tk5 

0.  .Y> 

0.  •2.5 

0.  40 

0.10 

•25 

1.35 

.fiO 

.25 

.25 

.10 

.40 

•25 

.92 

.«5 

.•25  ' 

.25 

.iO 

.40 

25 

.rio 

.70 

.25     ; 

•25 

..V)  1 

.25 

•2.5 

.(W 

.'25 

.•2;5 

.•25 

..V) 

.25 

•2.5 

.72 

.25 

.25  , 

.•25 

..-lO 

.25 

2!d 

.70 

.25 

.25  ; 

.'20 

..'lO 

.25 

•20 

.75 

.25 

.•25 

.'20 

.10 

.2.5 

•r> 

.So 

.'25 

.:{5  ' 

.'20 

.lol 

.25 

•25 

.K.5 

.25 

.45 

.•20 

.  10 

.25 

15 

.70 

.38 

.  45 

.25 

.10 

.25 

15 

..55 

.  IS 

.45 

."25 

.  10 

.25 

70 

..TO 

.  15 

•  tr,' 

.25 

.  10 

.2;) 

70 

..-10 

.15 

.;{5 

.•••^•^' 

.10 

.2.-) 

so 

..V2 

.'2.5 

.•2.5 

.'25 

.40 

.25 

SO 

.SO 

.25 

.'2.5 

.'2.5 

.  iO 

.2.5 

.SO 

.75 

.25 

.25 

.  •2.-» 

.  10 

.2.5 

SI) 

.75 

.'25 

.•25  1 

.2.5 

.  10 

.25 

•so 

.  7.5 

.  2^) 

.'2.5 

.  -25 

.  10 

.25 

:n) 

.70 

.  'i'* 

.'2') 

.  10  , . 

'*) 

.70 

.'25  1 

.•25 

.  10    . 

.'»o 

.70 

.•10 

.  •2.5 

.  25 

.."•0    . 

15 

.  .55 

.10 

.'2.5 

.CO 

.'20    . 

15 

..50 

.10 

.•2-> 

.('•0 

.•20    . 

45 

..'>0 

.25 

.'2;5 

..-.0 

.  l'»  1- 

•20 

..-)0 

.•25 

.10  ' 

.  10 

.  10    . 

CAi 

.10 

.  ^25 

.  15 

.  10 

.1..'. 

hO 

•:w 

.  10 

.  10 

.  10 

.10    . 

■SO 

.'2.5 

.  .55 

.  10 

.  10 

.  10    . 

SO 

.25 

.(is 

.40 

.10 

.  :o  . 

•20 

..'.<i 

.  15 

.  10    . 

'■T!ir  daily  tlow  i»f  Supply  dltrh  to  Ik'  h<Mi'<1  U>  .St.  Vrain  Cn-rk  at  j;>i*;i»>i^'  station  t«»  K'ivr  total  «lij*- 
<har>ji. „f  St.  Vniiii  ('n»ek  uhimI  in  working  up  run-olT.  etc. 

Ik'tt'mij  tattle  fnr  St.  Vralu  Onk  at  Li/ou/<,  ("oht.,  for  UK)*. 


hnjfht. 

DiH'harjff. 

»rf. 

Srcond-Jtil. 

1.1 

1 

1.2 

•> 

1.3 

.{ 

1.4 

4 

1    *• 

i\     : 

1.7 

'' 

he 


'Si,  I  '"-"•'■v.'    I  ■''"'^'- 


lU'lKllt. 


l.H 
\.\) 
2.0 
2.  1 
2.  2 
2.  :j 
2.4 


Sironii-Jiit. 

;:« 

:ii    , 

4S      ; 

ol»     |! 
71 


2.  <) 
2.7 

2.  S 
2. '.» 

:;.  () 
:;.  1 


l)i.««'liarK«'. 
Stnniil-fifl. 

\n 
i(n» 
i;;() 
\^^'^ 

LSI) 
211 
24.') 


heiKllt. 


:).2 
:\.  4 
:;.  ti 
:\.  s 


DlM-harKe.  | 

>V roinl/tf t.  I 

;J21  ' 

4i:; 

4<):;  , 

.■)14  I 
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Estimated  mnutlUy  digckarye  of  St,   Vrain  Creek  at  Lyons^  Colo.^ 
[Drainage  area,  209  Miuare  mileH.] 


Discharge  in  («ceond- 

Month. 

Maximum. 

Minimum. 

1902. 
April 

57 
500 
485 
167 

95 

12 
70 

May 

*MM.^J         ............... 

June 

152 

July 

69 
43 

v%Mm.j       ............... 

August 

September 

329                 31 
107                 42 

October .* 

November  1-19 

1 

Mean. 


215 

312 

112 

59 

74 


84 


Run-off. 

Total  in 
aere-feet. 

8ccond-feet 

Depth  i 
inche* 

2,023 

0.16 

a 

13,220 

1.03 

1 

18,565 

1.49 

1 

6,887 

.54 

3,628 

.28 

4,403 

.35 

4,243 

.33 

3,165 

.40 

"This  includes  the  flow  of  the  HUpply  ditch. 


CLEAR   (^REEK    AT   FORK8CREEK,  CX)LO. 

The  gaging  .station  is  located  at  the  ForkHcreek  railroad  station  ( 
the  Colorado  and  Southern  Railway,  in  Clear  Creek  canyon,  justbelo 
the  junction  of  the  North  and  South  Forks  of  Clear  Creek.  It  wi 
established  May  21>,  ISin),  and  htis  been  continued  through  the  irrig; 
tion  seasons  of  l8iM),  IIMH),  IJMH,  and  VM)±  The  gage  consists  of 
weight  f listened  to  a  wire  running  owv  a  pulley  fastened  to  the  wa 
at  the  railway  station.  Bench  mark  No.  L  is  a  point  on  the  tinilx'rt 
which  the  pulley  is  attached,  and  is  13.58  f(»et  above  gage  datun 
Bench  mark  No.  2  is  a  gmnite  point  41^5  feet  east  of  the  first  bene 
mark,  and  is  15.4r»  feet  above  gage  datum.  In  May,  1902,  a  trussed  fo< 
bridge  48  feet  long  was  placed  across  the  creek  at  right  angles  to  tl 
direction  of  the  current  just  Inflow  the  railway  bridge  and  about  3< 
feet  below  the  forks  of  the  creek.  This  bridge  is  located  over  t^ 
most  desiral)le  cross  section  of  the  stream,  and  where  satisfacto 
measurements  can  bi*  made.  It  is  possible  to  secure  fairly  good  resu 
])y  means  of  measurements  made  at  two  )>ridges  above  the  forks, 
low  water  the  stn»am  is  gaged  l)y  wmling.  The  stream  flows  rapic 
through  this  part  of  the  canyon,  the  channel  ))eing  rocky  and  the  f 
great.     Both  banks  are  high  and  rocky.     The  o})s(»rver  is  C.  A.Jon 

The  following  discharge  measurements  were  made  during  1902 
S.  G.  Lees  and  M.  C.  Hinderlider: 

Jime  14:  Gajf<»  height,  2.W  feet;  diHcharjre,  655  stvond-ftH't. 
SeptenilKT  10:  (iage  lieight,  1.50  feet;  diseharj^',  (K)  Kecond-feet 
Septcinl)er  20:  i\Bifiy  height,  l.(>0  feet;  discharge,  55  weoiid-ftH^t. 
October  15:  Gage  height,  1.80  feet;  disi^harge,  82  ai*coiid-feet. 


TLATTE    BIVEB   DRAINAGE    KASIN. 
Daily  gage  height ,  infeety  of  Clear  Creek  at  Fitrkt^rreek,  (hl^. 
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Day. 


1902. 


Apr.    I    May.      June.  .  July. 


1.65 
1.65 
1.65 
1.75 
1.70 
1.75 
l.«0 


1.00 
1.70 
1.75 
2.a5 


2.10 

3.05 

2.60 

2.20 

2.95 

2.60 

2.40 

2.96 

2.56 

2.40 

2.96 

2.50 

2.90 

3.00 

2.60 

2.55 

3.00 

2.45 

2.60 

3.00 

2.40 

2.65 

3.05 

2.30 

2.65 

.3. 15 

2.30 

2.70 

8.15 

2.30 

2. 75 

3.30 

2. -25 

2.75 

3.05 

2.30 

2.70 

2.95 

2.20 

2.77 

2.96 

2.15 

2.  SO 

2.96 

2. 15 

2.90 

2.90 

2.35 

2.90 

2.85 

2.40 

2.70 

2.78 

2.40 

2.75 

2.75 

2.30 

2.<V> 

2.75 

2.30 

2.70 

2.75 

2.20 

2.55 

2.70 

2.10 

2.55 

2.70 

2.10 

2.40 

2.65 

2.10 

2.55 

2.65 

2.10 

2.70 

2.60 

2.10 

2.95 

2.70 

2.10 

2.75 

2. 75 

2.05 

2.  HO 

2.75 

2.00 

2.80 

2.60 

2.00 

2.90 



2.00 

I 


Aug. 

Sept. 

Oct 

1.90 

1.60 

1.80 

1.90 

1.70 

1.80 

1.90 

1.70 

1.80 

1.90 

1.60 

1.80 

1.90 

1.60 

1.75 

1.90 

1.60 

1.70 

1.90 

1.60 

1.70 

1.90 

1.50 

1.70 

1.80 

1.50 

1.70 

1.85 

1.60 

1.70 

1.90 

1.55 

1.70 

1.90 

1.60 

1.70 

1.'90 

1.60 

1.60 

1.90 

1.65 

1.70 

1.80 

1.66 

1.70 

1.80 

1.60 

1.70 

1.80 

1.55 

1.70 

1.80 

1.56 

i.eo 

1.75 

1.60 

1.60 

1.70 

1.65 

1.60 

1.60 

2.05 

1.60 

1.60 

1.90 

1.60 

1.65 

1.75 

1.60 

1.80 

1.75 

1.60 

1.80 

1.80 

l.fiO 

1.80 

1.75 

1.60 

1.80 

1.70 

1.60 

1.70 

1.70 

1.60 

1.70 

1.90 

1.50 

1.70 

1.80 

1.65 

Rating  ttthlefor  Clear  Creek  at  Fitrkacrerkj  (V)to.,  far  J 902, 


)ifichargc. 

1    height. 

1                 ■ 
Feet. 

DiHoharge. 

!     Gage 
heiglit. 

1 

Ftrt. 

Diwharge. 

Gage 
lieight. 

F(H. 

DLst^harge. 
Stmnd-fret. 

rrirwl/ret. 

Sec(md-/eft. 

Serond-fff't. 

20 

2.2 

179 

3.1 

480 

1       4.0 

946 

32 

2.3 

2a5 

3.2 

522 

4.1 

1,003 

44 

2.4 

235 

3.3 

566 

4.2 

1,060 

68 

2.5 

267 

3.4 

614 

4.3 

1,117 

75 

2.6 

299 

3.5 

665 

4.4 

1,174 

93 

!      2.7 

332 

3.  6 

719 

4.5 

1,231 

112 

2.8 

367 

3.7 

775 

4.6 

1,288 

133 

1       2.9 

403 

3.8 

832 

4.7 

1,345 

155 

1      3.0 

i 

441 

3.9 

889 

4.8 

1,402 
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IC)*fimnif'ii  iinntttJt/  (liM-futn/i'  nf  dear  Creek  at  Ftfrk'MTeH'y  (}tlo. 


[so.tt 


Kun-off. 

T«)Uil  in  lu-n- 

ftH't. 

Se<Hm<l-fcct 

IMT  Houare 

mile. 

Depth  in 
inrhcB. 

\y7m 

0.  23 

ao9 

19,  :\m 

.91 

i& 

23, 683 

1.15 

1.28 

12,23<> 

.58 

.67 

5,780 

.27 

.31 

4, 10«> 

.20 

.22 

4,02^) 

.20 

.22 

Disfhar^f  in  Nocond-fti't. 

Monti). 

I  Maximum.      .Minimum.        Mean. 

I _      '_ ._ 

11K)2.  I  I  I 

April  1:M9,  27-30 1 SI 

May '            422  I            155  315 

June 5(Ui  i            2i)9  398 

July 299  '              133  19<) 

August 112  1               58  94 

ScptomlM^r 144  i               44  (>9 

O(!tol)er  1-2J) 1 70 


SOUTH    PLATTK    KTVKK    AT    DKNVKU,  COIX). 

In  tho  sprint^^  of  181K5  a  river  station  >vas  ('s(a))lisliod  at  the.  Twenty^ 
third  Stn^et  Viaduct  in  (he  city  of  Denver,  ])ut  observations  were 
diseon  tin  lied  on  June  18,  as  th(»  location  was  found  to  )>e  unfavorable 
for  accurate  measurenu^nts,  and  the  watcM-  had  falhni  Ixdow  the  gage- 
In  July  a  station  was  established  at  the  Fift(»enth  Street  Bridge  and 
observations  were  begun,  th(\sc  ])cing  mach*,  in  tlie  morning  and  in  the 
afternoon.  Stream  measurem(Mi(s  nvo  made  from  the  lower  side  of  the 
bridge.  'rh(M)riginal  gag(*  consistcul  of  two  <l  l)y  2  inch  tindHM's  spiked 
together,  inclined  and  graduated  to  vcM'ticai  tiMiths  of  a  foot.  The 
space  Ix'tween  the  marks  was  O.IT)!)  foot.  Tlie  tim])ers  w(M*e  fastened 
to  posts  driven  into  tli(^  bank.  Tlic  })ench  mark  is  1(>7  feet  southwest 
from  thf^  ^'^^^^'  Ji"<l  i^  Ji  cross  mark  on  top  of  the  <»ast  abutment  of  the 
Fiftc(Mdh  Street  Bridge  on  the  north  corner.  It  is  marked  B.  M.  mid 
is.  <).  15  fc(»t  above  thc^  '>-foot  mark  of  the*  gJige  rod. 

Anotlicr  inclined  gag(*  rod  reading  the  same  as  tlie  one  on  the  right 
bank  was  j)laced  on  the  left  sich'  in  August,  lSt)S.  It  consisted  of  a 
4  by  4  incii  by  12-foot  timber  fastened  to  posts  driven  into  the  left 
))ank  and  graduated  to  vertical  feet  and  tenths. 

This  rod  w;is  washed  out  by  the  high  watcM'  of  June,  IJHMl,  which 
also  remo\('(l  tlie  sand  liar  in  front  of  the  rod  on  the  right-hand  side, 
making  it  availabh'  at  low -watiM*  stages,  and  since  that  time  the  read- 
ings have  been  taken  from  tin*  latt(M-  rod. 

Th(*  initial  point  for  soundings  is  on  the  right  bank  at  tln^  |K)st  of 
the  iron  railing.  The  channel  is  straight  for  alK)ut  1,(HK)  f(H»t  above 
and  ])(dow  and  the  water  moves  with  moderate  velocity.  The  bed  of 
the  stream  is  sandy  and  shifting.     This  point  is  immediately  bolow  the 
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mouth  of  Cherry  Creek,  which  enters  between  the  Fourteenth  Street 
t\nd  Fifteenth  Street  bridges^.  The  stream  at  this  point  is  confined 
\>etween  artificial  embankments  of  furnace  slag. 

May  15, 1901,  a  T-mil  was  placed  on  the  site  of  the  latter  rod,  which 
^as  stolen.     The  rail  was  embedded  in  an  inclined  position  in  the  slag 
bank.     The  zero  of  the  rod  is  12  feet  below  the  top  of  the  capstone  of 
the  southeast  abutment  of  the  Sixteenth  Street  Viaduct  100  feet  north- 
cast  of  the  rod.     All  readings  were  taken  from  this  rod  from  May  15, 
1901,  to  June  9,  1903,  when  the  rod  was  again  stolen.     On  June  10, 
1903,  a  vertical  4:  by  4  inch  timber  was  placed  at  the  same  point  and 
fastened  to  a  cottonwood  tree.     The  zero  of  the  rod  was  placed  at  the 
8ame  elevation  as  the  zero  of  the  old  gage.     The  observer  is  J.  A. 
Banning,  water  commissioner. 

Discharge  measurements  of  South  PUiUe  River  at  Daitrr^  Colo. 


Date. 


1902. 

Aprill , 

May  15 

May  29 

June  10 

June  11 

June  12 :., 

June  13 , 

June  16 , 

July  161 

July  22 

September  9 

September  12 

October  14 

0ctoljer28 

Octolnjr  29 


Hydrographer. 


J.  E.  Field 

do 

do 

S.  G.  Lees 

do 

do 

do 

do 

do 

do 

M.  C.  HinderUder. 

do 

do 

R.  W.  Hawley . . . . 
do 


Gage 
height. 

Discharge. 

Fed. 

Src.-fret. 

1.10 

107 

1.65 

241 

2.22 

557 

1.00 

74 

.98 

62 

i.a^ 

68 

1.85 

163 

1.00 

63 

1.09 

18 

1.18 

32 

1.10 

22 

1.00 

16 

1.80 

63 

1.19 

48 

1.12 

42 

a  Channel  clianged. 
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DnUy  ijatje  heigJU,  In  feet y  of  South  Platte  liii'er  at  Denver ^  Colo. 


[NCM. 


I)ny. 

1902. 


3. 
4. 

5. 

6. 

7., 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16., 


Apr. 

Oct, 

1.10 

i.oy 

1.10 

1.02 

1.04 

i.k; 

1.22 

l.(K) 

1.21 

.^. 

1.24 

\.(y> 

1.21 

l.OT) 

1.02 

1.07 

1.08 

1 

l.OS 

i.:«): 

i.as 

l.i> 

1.07 

1..) 

IJoV. 


1.20 
1.20 
1.20 
1.20 
1. 10 
1.10 
1.00 


Dec.    I, 


Day. 
1902. 


I    Apr. 


.\'  17. 

.19. 
.|l20. 

.     21 . 

I 


1.00  I       1.40  I  21. 

1.20         l.'iT)  25. 

1.20  20. 

l.'.M)  I  27. 


1.10 
1.00 
1.00 
1.00 
1.00 
1.20 


1.12 


28. 


1.20  <  29. 
1.20  I  30. 
1.15  31. 
1.10    ' 


1.05 
1.00 
l.W 


OH. 


l.SO  I 
1.30  ^ 
1.20 
1.30  i 
1.30  ' 
1.30  ' 
1.30 
1.20  I 
1.20  ' 
1.20  I 
1.20  I 
l.-i0| 
1.20 
1.20  I 
1.20 


Nov 


Uaihiii  tahh' for  Stmth  l*hUte  Rinr  at  Denver,  O^o.,  for  I90^\ 

JA.NT.VKY  1  TO  JTNK  M).  1902. 

_    _    _    _  _..  _    _  .         - 


he®.    1   I^i-^*"^-^--  ||    hc^Jirt.    '   l^'-h'^rK<.. 


heUclit.    I   l>i-»"irKO. 


Frrt. 
0.() 

.  7 

.8 


Sfcwul-ftrf. 

2 

:v2 


l-Yrf. 

0.9 
1.0 
1.1 


48 


hWt. 
1.2 
1.3 

1.4 


Srrond-ffd. 

106 
130 

ir>6 


Gage 
heiglit. 


FcH. 
1.5 
1.6 

1.7 


I 


JI'I.Y  1  TO  I)K('KMHKK  :U.  1902. 


l.M 

i.a 
i.a 

1.3 

1.41 

i.i; 

1.3 
1.3 

I.a 

1.3 
1.4i 
1.4 
l.li 
1.1( 
I.K 


r)iDc)urKe. 

i 

Srctmd'/cd.  ' 
187 
224 

270 


0.8 

2 

II 

1.2     1 

1 

1 
1.6 

221 

1 
2.0 

4:5.) 

.9 

6 

ll 

1.3     1 

iM)      1 

1.7 

270 

2.1 

491 

1.0 
1.  1 

30 

ll 

1.4 

l.r>    ' 

131      i 
174      , 

1.8 
1.9     , 

:J23 
379 

2. 2     1 

547 

I'^liiintt'd  iufHithfif  disrhan/r  if  Smith   Plattf  Hirer  itt  Drnnr,  i'oht. 
[|)r»iiimKe  area.  3.840  s<juan'  niih-M.] 


DiscliarK*' 

in 

m«< 

•OiKl 

-ft 

(•(. 

1 

IlunofT. 

Month. 

— 

-- 

— 

1 

— 

T 

IK 

>ta1  in 
rr-fcel. 

Se<*(>n<l-fei't 

l)e 
ni 

M 

ixiiniiiii.     M 

in 

nil 

iin. 

1 

.M« 

•»H1. 

per  s«inrtre 
mile. 

«'h«'>. 

MMrj. 

• 

1 

i 

1 

April  1-19 

1 

74  ' 
71   ' 

2,  789 

3,  mi 

0.019 
.018 

0  0^ 

OctolxT  6-31 

.0 

\\2  1 
61  1 

952 
3,046 

.008 
.016 

,0 
.0 

])('<'(>inl)«'r  S  .'^1 

1 
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BEAR  CREEK   NEAR  MORRISON,  COLO. 

Bear  Creek  is  one  of  the  smaller  tributaries  of  the  South  Platte, 
beading  in  the  vicinity  of  Mount  Evans,  about  30  miles  southwest  of 
Denver,  and  entering  the  main  stream  about  8  miles  above  that  city. 
Although  usually  of  small  volume,  the  stream  drains  a  considerable 
portion  of  very  mountainous  country,  which  is  subject  to  more  or  less 
violent  cloudbursts,  so  that  floods  sometimes  come  down  this  creek, 
causing  great  destruction  to  property  and  even  loss  of  life.  AIL  of 
the  normal  flow  of  the  stream  is  used  for  irrigation,  and  it  is  only 
during  high-water  stages  that  a  large  amount  of  water  passes  through 
it.  Records  of  its  flow  have  been  kept  for  a  portion  of  each  irrigation 
season  since  April,  1888,  witlvthe  exception  of  the  years  1892,  1893, 
and  1894.  The  present  station  was  established  April  1,  1899.  It  is 
Wated  just  above  the  town  of  Morrison.  The  gage  rod,  which  i^a 
2-inch  by  6-inch  timber  placed  vertically  and  marked  in  feet  and 
tenths,  is  fastened  to  the  upper  side  of  the  dam  which  diverts  water 
into  the  mains  of  the  Denver  Union  Water  Company.  The  bench 
mark  is  the  top  of  a  granite  bowlder  about  100  feet  above  the  rod  on 
the  left-hand  side  of  the  stream,  and  it  is  10.33  feet  above  the  gage 
datum.  As  in  previous  years,  the  station  wa»s  maintained  through 
cooperation  with  the  Denver  Union  Water  Company.  The  observer 
is  S.  Hebrew,  an  employee  of  the  Denver  Union  Water  Company. 

Observations  at  this  station  were  discontinued  in  March,  1902,  suffi- 
cient data  having  been  secured  since  its  establishment  in  1888. 


DaHy  gage  fieight,  in  feet,  of  Bear  Creek  near  Morrison^  Colo. 


Day. 
1902. 

Feb. 

0.75 
.75 
.80 
.76 
.») 
.85 
.90 

Day. 

Feb. 

Day. 

Feb.  1 

Day. 

Feb. 

1.. 

1902. 

s 

0.95 

.95 

1.05 

1.05 

1.05 

.96 

.92 

1902. 
15 

1.15 

1.25 

1.20  ' 

1.25 

1.35- 

1.26 

1.20 

1902. 
22. 

1.15 

2... 

9 

16 

23 

1.15 

3... 

10 

17 

24 

1.25 

4... 

11 

18       .  .  - 

25 

1  30 

?»... 

12 

19. 

26. 

1.36 

6.._ 

13 

20...". 

27 

1.45 

7... 

14 

21 

28 

1  45 

SOUTH   PLATTE   RIVER  AT   SOUTH   PLATTE,    COLO. 

This  station  is  located  at  the  junction  of  the  North  and  South  forks 
^f  the  South  Platte  River  at  the  town  of  South  Platte,  on  the  Colo- 
^do  and  Southern  Railroad,  about  9  miles  al)ove  the  mouth  of  the 
^nyon.  The  station  was  established  March  28,  1902,  by  John  E. 
-^ield,  at  the  wagon  bridge  crossing  the  main  stream  about  150  feet 
t>eIow  the  junction  of  the  two  forks.  This  station  is  of  special  impor- 
*^nce,  its  location  being  above  the  diverting  gates  of  all  irrigating 
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ditches  and  also  above  the  intake  of  the  Denver  Union  Water  Com- 
pany, which  derives  the  greatcM*  part  of  its  supply  of  watiT  from  the 
South  Platte  River  a  few  miles  below  this  staition.     The  locution  of 
the  Cheesuian  Storage  Reservoir  on  the  South  Fork,  20  inik\s  alwve 
this  station,  and  the  conteniphited  installation  of  large  power  plants 
on  the  two  forks  al)ove,  also  add  to  the  imi^rtance  of  this  station  as  a 
point  from  which  to  secure  data.     Bridges  across  either  fork  above 
the  main  station  allow  of  measurements  being  made  on  these  streams^ 
thereby  checking  all  gJigings  on  the  main  stream  below. 

The  gagings  on  the  main  stream  are  made  at  high  water  fn)ni  * 
wooden  wagon  bridge  70  feet  long,  and  at  low  water  b}'  wading.     Tb© 
channel  at  this  point  is  composed  of  bowldcu-s  and  gravel  and  is  rc»' 
sonably  stable.     Th(»  right  bank  is  the*mountain  side,  rising  directl5 
from  the  bed  of  the  strc^am  at  a  slope  of  about  45  degrees.     The  \ef^ 
bank  is  low  and  covered  with  trees,  and  liable  to  overflow  at  ver^ 
high  water.     The  gage  rod  consists  of  a  2  by  4  inch  timber  7  feet  lon^** 
spiked  in  a  vertical  position  to  the  upstream  face  of  the  timlx'r  pi^^ 
in  the  middle  of  the  river;  the  ])ench  mark,  which  is  a  nail  driven  int^ 
the  c4ip  timber  of  the  pier  just  above  the  nxl,  is  10.15  feet  almve  th^ 
zero  of  the  rod.     Observations  have  betMi  made  twice  daily  during  thfp 
irrigating  season  since  the  establishnuuit  of  the  staition.     The  observer 
during  the  summer  of  1002  was  John   B.    Sevan.      This   station  is 
located  only  about  200  feet  from  the  Colorado  and  Southern  Railway 
station,  and  is  easily  accessi])le  from  Denver. 

f>isrh(ir(/e  inrai<urr)n('nts  (tf  South  riattc  Rirrr  nl  Sonlh  Piiiih\  Cofo. 


Dtilc. 


1902. 

March  28 

May  2 

Jiiiio  i:5 

.Inly  17 

Do 

Auj]jn8tl2 

Au^iiHt  25 

iSept^Miiber  7 

SepteuilKT  8 

Si^pteriilHjr  K> 

Septeinl K^r  2.*» 

OctolK»r  17 !  S.  G.  JjQVH 

October  27 1  K.  W.  Hawlev 


Hy<lroK'niph<r. 


J.  E.  Field 

....(!«» 

S.  (i.  Loes 

....do 

....do 

....do 

J.  E.  Fitd<l 

M.  C.  Hindcrlidcr.. 

J.  E.  Field 

M.  C.  Ilindorlidcr,. 
....do 


height. 

I)is"harg:e, 

Ftfi, 

Sfrvm.i'/tff. 

1.S5 

145 

2.  00 

208 

1.87 

167 

1.00 

m 

1.04 

eo 

1.00 

w 

1.5.5 

122 

1.20 

ti9 

1.20 

tw 

1.25 

79 

1.45 

108 

1.20 

60 

1.18 

67 
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Day. 


1902. 


Apr. 


l.?2 
1.72 
1.60 
1.56 
1.55 
1.72 
1.82 
2.12 

3.ao 

2.80 
2.95 
2.40 
2.80 
2.90 
2.85 
2.45 
2.25 
2.20 
2.20 
2.30 
2.30 
3.25 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.82 
1.90 


May. 

June. 

1.11 

2.50 

1.66 

2.16 

2.00 

1.56 

1.65 

1.66 

1.55 

1.56 

1.56 

1.56 

1.66 

1.56 

1.56 

1.56 

1.11 

1.56 

1.56 

1.10 

1.65 

1.57 

2. 15 

1.10 

2.15 

1.60 

2.15 

1.45 

•2.15 

1.60 

2.15 

1.50 

2.15 

1.45 

2.10 

1.45 

2.05 

1.45 

1.66 

1.45 

1.10 

1.80 

1.90 

1.75 

1.85 

1.60 

1.80 

1.60 

1.75 

1.55 

1.46 

1.50 

2.25 

1.55 

2.40 

1.50 

2.65 

1.85 

2,55 

1.65 

2.45 

July. 


1.55 
1.60 
1.60 
1.60 
1.40 
1.36 
1.30 
1.30 
1.30 
1.40 
1.25 
1.35 
1.35 
1.25 
1.15 
1.00 
1.35 
1.40 
1.40 
1.35 
1.25 
1.20 
1.25 
1.20 
1.20 
1.20 
1.20 
1.16 
1.15 
1.10 
1.00 


Aug. 


1.00 
1.00 
1.00 
.56 
1.25 
1.60 
1.30 
1.20 
1.10 
1.10 
1.10 
1.00 
1.05 
1.00 
1.16 
1.30 
1.40 
1.40 
1.40 
1.40 
1.40 
1.60 
1.60 
1.20 
1.20 
1.40 
1.40 
1.40 
1.36 
1.20 
1.25 


Sept, 


1.20 
1.20 
1.20 
1,25 
l.'iO 
1.30 
1.30 

i.:» 

1.40 
1.30 
1.30 
1.22 
1.25 
1.30 
l.W 
1.30 
1.20 
1.20 
1.20 
1.30 
1.40 
1.60 
1.35 
1.25 
1.16 
1.10 
1.10 
1.15 
1.20 
1.20 


1.20 
1.30 
1.20 
1.10 
1.10 
1.20 
1.10 
1.10 
1.10 
1.00 
1.00 
1.20 
1.20 
1.10 
1.10 
1.10 
1.10 
1.10 
1.00 
1.00 
1.00 
1.00 
.95 
.90 
.90 
1.02 
1.02 
.95 
.9« 
1.02 
1.02 


Nov. 


0.96 
.96 
.97 
.97 
.97 
.86 
.86 
.90 
.95 
1.02 
1.02 


Rating  taftlefor  SfftUh  PlaUe  River  at  Smith  PUiUe,  Colo.,  for  1902. 


t. 

Discharge. 

Gage 
height. 

Diwharge. 

Gage 
height. 

Discharge.  ' 

heiglit. 

Diwlmrge. 

■ 

S4iimil-Jf'ri. 

Frrt. 

SrnnnlftH. 

Ftri. 

Strtnul/nL 

Feet. 

StToiHl-/rct. 

> 

h 

,        1.0 

55 

1.8 

160 

2.  r> 

348 

\ 

8 

1.1 

65 

1.9 

178     1 

2.7 

.380 

1 

12 

i        1.2 

75 

2.0 

197 

2.8 

414 

> 

18 

1.3 

86 

2.1 

218 

2.9 

449 

l> 

24 

1.4 

98 

2.2 

240 

X  0 

485 

i 

.SO 

1.5 

112 

2.  .3 

264 

:5.1 

.521 

s 

36 

1.6 

127 

2.4 

290 

3.2 

.V>7 

9 

45 

1       1.7 

148 

2.5 

.318 

3.3 

593 
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Eifiimntfd  month/ f/  tliM-harge  of  Srmth  Plaiie  Rii'er  at  South  l*lattr^  Colo. 
[DraiiiiiKo  arwi.  2,61*2  Miuart'  milt's.] 


Month. 


1902. 
April 

May 

June 

July 

AugUHt 

September 

October 

Noveml)erl-n. 


DiwharKo  in  «»'<"ond-f«M.»t. 


Maximum. 


59.S 

m\ 

318 
119 
127 
127 

m 


Minimum. 


119 

65 
55 
21 
i\h 
45 


Mran. 


Total  in  acre- 
I  ft^'t. 


I 


2(50  1 

180  I 
i 
127 

< 

81  I 

82  ' 
Oil 
40  ' 


Run-<»1T. 


15,471 
11,068 
7,557 
5,  226 
4,980 
4,879 
8,  750 
1,069 


Socond-fec'l 

per  iuiuaiv 

mile. 


0.  100 
.069 
.049 

.aw 

.  081 
.081 
.02:^ 
.019 


l)r, 


MljfCfUaueoua  im'iixiirntietitit  in  Plattr  Rirtr  thainagr  tfOJtin. 
[Mad(>  by  H.  <).  Sirir'i    B.  K.  ForlH??*,  J.  ('.  Stev<*n«.  Kmuk  Dohnim,  Aiina  IKiliMm,  R.  H. 

NEBRASKA. 


Will 


Date. 


1902. 

Buffalo  (Vri'k... 

Do do 

Man*h  25 ( 'jilainuH 


July 


Man'h  21 Klkhorn      Kivrr,      X«>rth 

Fork. 

April  18 <lo 

May  12 | do 


I/>oalily. 


Sit.  88,  T.  9,  K.  IS.. 
Sor.  :U),  T.  10,  K.  20. 

Hurwcll 

Norfolk   


» I d«» 

Jun<»16 do do 

July  26 do I <lo 

August  22 do do 

SepteiiilHT  2t> do I do 

NovendH*rl4 do ' do 


Marrh  25 ,   Loup,  North. 


Hurwcll 


Man-h  28 do i  St.  Paul 

Do I   l^Hip,  :Sliddlo do  . 

Si»ptviiilMM-  7 '   Platti'  Kivrr I   Kearney 

AugUHt26 1   lMatt4' Hiv<'r,  North... 


August  2S <lo 

St»pt<Mul>er  S do 

SeptemlHT  22 do 


.uo 

.do 


'  S«'c.   8,  T.   28,    H.  5S    W.,   ' 
I       State  liiu'.  , 
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Miscellant^ous  TiiewiuremeiUii  in  Platte  R'wer  drairuige  Uunn — Continue*!. 
NEBRASKA— <>jntinucHi. 


Date. 

V902. 

\pril9 

May  20 

July? 

July  10 

Octol)erl.... 
August  18.... 

April  23 

May  7 

8epteml>er  7  . 

July  17 

AugUiJtlS 


Strwim. 


riatt«  River,  South. 

do 

Salt  Creek 

do 

do 

Spring  Creek 

do 

do 

Wood  River 

Blue  Creek 

do 


Locality. 


Dis- 
charge. 


Julv  22 Lawrence  Fork 


Do. 


do 


V 


Ju  I y  21) j do 

July  31 do 

August  18 '  r^)nergau  Creek 

Augitft  \\) ,  Sand  Creek 

May  7 ;  White  Tail  Creek 


Do. 
1>). 


I 


.do 
.do 


April  13 l^Mlge  Pole 

April  25 do 

June  2 do 

July2 do 

Do do 


North  Platte 

do 

Lincoln «5, 

do aio, 

do I 

Sec.  ^\T.  10,  R.  21  W....| 

Sec.  3H,  T.  14,  R.  47W.... 

Sec.  ;^,  T.  15,  R.  37W.... 

Sec.  12,  T.  9,  R.  1(5  W 

Sec.  i\,  T.  1«,  R.  42W ' 

Sec.  19,  T.  IH,  R.  42W 

Sec.  3(i,  T.  19,  R.  52W.... 

Sec.  11,  T.  18,  R.  52W.... 

Sec.  1,  T.  18,  R.  52W 

Sec.  15,  T.  18,  R.  52W.... 

Sec.  19,  T.  15,  R.  39W.... 

Sw.  14,  T.  15,  R.  40W.... 

S.  line  Hec.  3(),  T.  15,  R. 
38  W. 

N.  line  »ec.  3(J,  T.  15,  R. 
:^  W. 

NE.  1  Hec.  20,  T.  15,  R.  .38 
W. 

Se(%  3(5,  T.  14,  R.  47AV.... 

Sec.  ;i5,  T.  15,  R.  55AV.... 

Kimball 

Sec.  25,  T.  15,  R.  56W.... 

Sec.  31, T.  15,  R.  5(5  W....I 

I 
I 


Dry. 
207 
438 
136 

92 
1.0 
2.4 
2.5 

27.3 

90 

50 
1.4 
1.6 
2.9 
2.2 
2.5 
1.3 

24.7 

:i6.0 

33. 0 

4.0 

12.0 

5.6 

7.5 

10.5 


"  Flood. 
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Mi^celUineoHH  im'tiHumiieiitu  in  the  PUUlf  dniinage. 
[Made  by  A.  J.  l»arahHll  and  W.  P.  EdwanK] 


Dato. 


1902. 
»ScpU?iiil)er  11  . 
SeptemlHjr  12  . 
Septemlxjr  14  , 
September  24  . 
September  26  . 
September  29  . 

October  1 


Septeinlwr  12  . 


I 


North  Platte  River . 
do 


.do 
.do 
.do 
.do 

.do 


Locality. 




I 


Brush  Creek,  Carlxni 
County,  Wyo. 

Do I  Grand  EntrampnientCrt'ek, 

I      Carl)on  County,  Wyo. 

Se])tend)er  V,\ Cow  Creek,  Carlx)n  (^>un- 

ty,  Wyo. 

Sej)tend»er  14 Pa«8  Creek,  CarlK)n  Coun- 
ty, Wyo. 

Septeinlnsr  29 Medicine  Bow  River,  Car- 
bon County,  Wyo. 

January  1 South  1* ork.  Crow  ( 'rt^ek . . 


Januarys. 


Do 


Saratoga 

At  nioutli  of  Bninh  Creek.! 

Fort  Steele j 

do I 

Big  Bend | 

Nortli  of  Seminole  Moun-  I 
tains.  I 

South  of  Seminole  Moun-  ' 
tains.  I 

At  mouth I 

Near  moutli | 

d<i» I 

i 

do •' 

<lo ' 


Clear  Cn»ek   (tributary 
Crow  Cnvk). 


(iranito  Canyon,  l^nunie 
County,  AVyo. 

UijIh    Springs,    l^raniie 
County,  Wyo. 

CorU'tt,  l^ammie  Countv, 
Wvo. 


Do I  North  Fork,  Clt'iir  Crook 


(tributary  Crow  Crook ). 


January  IT) MiddloCrow. . 

I 
March  12 do 


July  S Boar  ( 'n*ok 

July  9 North  Turk«-y  ( Vook  . . . 

Do I   Flk  Cnvk 


Do I  )(H.*r  Park  Crook 

Do I  N<»rth  Fork  South  IMatto. . 

July  10 1  llallH  (iulch 

Do I  Jofforson  Cn*ok 

Do M  ichigan  Crook 

Do ;  Tarryall  Crook 

Do I  Mi<ldle  Fork  South  Platto 

'      Kivor. 


Siininoii.^,  l^minio  Coun- 
ty, Wyo. 

At     dam     silo,    Larainio 
County,  Wyo. 

M«)rns4Ui 

Near  Couifor 

WiiiHtoii 

r.ailov 


<io  .. 

Wob.'-tor. 
•lofforson 

( 'oino 

Near  Com 
l''airj»lay. 


July  11 . 
Do  . 


Four  mile  ( -rook 

South  Fork  South  Platto 
River. 


Near  Fairplay | 

Near  Buffalo  Sj)ring8 i 


I 
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KAXSA«  KIVKU  1>11AINA(JK  IIAHIN. 

The  drainage  iKtsiii  of  the  Kansas  River  lion  })etweeii  those  of  the 
latte  and  Arkansas  rivers,  being  entirely  within  the  rej^ion  of  the 
rent  Plains,  and  princiimlly  within  the  arid  or  seniiarid  area.     It  has 

0  raountiiin  tributaries,  but  depends  (Mitirel}'  for  it^»  water  supply 
pon  the  water  which,  falling  within  or  near  the  Intsin,  i^'reolate^» 
lowly  to  the  dminage  channels.  The  catchment  area  extends  from 
astern  Colorado  to  the  Missouri  River,  a  distance  from  east  to  west 
f  4iS)  miles.  Its  extreme  width  is  about  2<M)  miles.  The  main  stream 
fthe  KanstLs  River  is  formed  at  .Junction,  Kans.,  by  the  Republican 
nd  Smoky  Hill  rivers,  and  flows  east  into  the  Mis.«^ouri  at  Kansas 
k\\  The  Republican  is  its  princiiml  tributary  and  drains  southern 
ebruska  and  northern  Kansas  by  means  of  many  small  tributiiry 
eeks.     The  Solomon,  Saline,  and  Smoky  Hill  rivers  dniin  the  plains 

northwestern  Kansas.  The  Blue  River  is  a  snnill  tributary  in 
rthetistern  Kansas,  flowing  south  into  the  Kansas  River,  near  ^lan- 
ttan,  Kans.  The  following  is  a  list  of  the  st^itions  in  the  Kansas, 
rer  dniinage  Iwisin: 

KaiisL*^  KivLTat  LcHMmipton,  KanH. 

Whw  River  near  Manhattan,  Kans. 

Uep!iblit"*ui  River  at  Junction,  Kans. 

Republican  River  and  the  Mill  liaeo  near  Suj)erior,  Nehr. 

Sjlouion  River  at  Nilen,  Kans. 

Saline  River  near  Salina,  Kani^. 

Smoky  Hill  River  at  Ellwworth,  KauH. 

KANSAS   RIVER   AT    LECOMl»T<)N,  KANS. 

The  gaging  station  at  Lecompton  was  esta])lished  April  10,  l8i)i>,  at 
'  in»vv  wagon  bridge.     On  June  24,  IIMK),  a  new  gage  was  established, 

1  old  gage  having  been  broken.  The  present  gJigc*,  a  pine  ))oard  1 
"h  by  1  inch  by  lU  feet  long,  graduatcnl  to  feet  and  tenths,  is  spiked 
i  top  of  the  old  gage,  and  is  at  the  same  elevation.  On  October  2r), 
KM  I,  a  bench  mark  was  cstiiblished  on  top  of  the  bottom  flang(».  of  the 
on  strut  connecting  the  two  iron  cylinders  at  the  soutii  end  of  the 
ijjhway  bridge  over  the  river.  The  bench  nnirk  is  at  tlu^  w(»st  end  of 
be  strut,  next  to  the  cylinder.  Its  elevation  is  12. 11*  feet  above*  the 
«roof  the  gage.     The  observer  Is  A.  D.  McAdow. 
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Dutcharyt'  metv^urt'mentu  nf  Kansw*  Rirtr  at  lA'ntmjMtm,  Knits. 


Date. 


1902. 


Hydn>fnHi»her. 


W.  G.  Russell. 

....do 

....do 


April  28 

May  28 

June  9 

June  21 ' do 

I 
July  12 j do 

July  30 ! do 

August  27 1 do 


Ikiilif  fjiuje  height f  hi  fvHy  of  Kaitwin  River  at  lA'cvmjttoHj  Kamt. 


heS^t. 

DiM-baiftH 

hVfl. 

Sertmd-f^ 

:ioo 

1,311 

7.00 

14,314 

8.25 

17,18^ 

6.50 

13,1^ 

16.  :i5 

72,\n 

6.15 

12,871 

7.70 

17,7* 

Day. 


1902. 

1 

2.10 

2 

2.10 

3 

•i.in 

4 

2.10 

5 

:!.io 

6 

%w 

7 

t  ^ly 

8 

??H> 

9 

2,40 

10 

*tm 

11...! 

2.10 

12 

2,-(0 

13 i 

%-m 

14 

lAO 

15 

^t  w 

16 

2.30 

17 

•2,30 

IH 

2.30 

19 

2.30 

20 

2.:i0 

21 

2..'i0 

«» 

2.30 

Z\ 

2.:W) 

24 

2. :«) 

25 

l.M) 

26 

2.  M) 

27 

2.  :jo 

28 

2. :«) 

29 

2.  'M) 

:M) 

2. 30 

:n 

2.  2<) 

Jan.    Fcl>. 


2.20 

^2a 

2.30 

2,30 

2,30 

2.L*« 

2.20 

2.20 

2.31* 

1.  2fj 

ZIO 

2,10 

1=10 

2.10 

12.10 

I  2.10 

1  2.00 

2. 00 

'  2.00 

^  2.10 

'  2. 10 

2.10 

;  2.00 

2. 00 

1  2.00 


Hur. 


2.00 
2.00 
2.00 
l.HO 
,1.90 
l.§0 
2.20 

2.<s.^ 

^.  <0 

S.20 
3.00 
3.00 
3. 50 
3.% 
3.  10 
I  3.40 
,  3.40 

3.:w 

I  3.:«) 

'  3.50 

i  3.50 

3.  40 

5.40 

3.  ;jo 

!  ..:«. 

!  3.3(.> 

j  3.30 

3.30 


Apr. 

May. 

3.40 

2.90 

3.40 

2.90 

3.35 

2.90 

3..W 

2.90 

3.20 

2.90 

3.20 

3.a5 

3.20 

3.3,5 

3.20 

3.  r-5 

3.20 

3..S0 

3.10 

3.75 

3.10 

3. 70 

3.10 

3. 75 

3.10 

3.95 

3. 10 

4.25 

3.10 

4.50 

3.10 

4.90 

3.10 

4.90 

3.a5 

4.70 

3.00 

1.95 

I  I  '        I         I        ' 

June.     July.    Auk.    Sept.    Oct.    Nov.    IH*. 


3.1H) 
3.00  I 


j  3.00 

3.(K) 

I  3.00  ' 

i  3.00 

I  3.00  ' 

I  3.(K)  I 

!  3.W)  I 

3.00  I 

2.9.5  I 


■■■■'"  I 

.5.70  ' 

I 

•■■•-■"  i 

r>.  70 

7.10 
7.75  1 
S.4()  ' 
9.  45 
9.  25 
7.  M 
.'>.  (i5 


7.25 
7.50  i 
7.00 
6.00 
7.20 
7.70 
9.00 
H..50 
7.95 
9.50 
9. 60 
9.  20 
8.50 
7.K) 
7.50 
7. 25 
6.  \H) 
6. 70 
6.  .'lO 
6.  45 
6.  (15 
S.SO 
s.  45 
7.70 
7. 15 
6.  70 
6.  ;i.'» 
6. 00 
9.00 
10.70 


10.95 
11.30 
11.75 
11.95 
12.20 
12.00 
12.85 
13,20 
13.  W 
14.60 
15.;iO 

16.  ;w 

16.  K5 
17.40 
17.60 
16.  (k) 
15.55 
13. 50 
11.59 
12.  SO  ' 
10.60 
H.  60 
7.00 

7.:m) 
7.a> 

7.00 
7.00 
6.  so 
6.;i5  , 

6.  10  I 

7.  15  ' 


8.00  14.45 
7.65  12.85 
7.10  11.  a5 
6.55  I  9.90 
5.60  I  8.95 
5.30  8.60 
4.90  I  7.90 
4.70  I  7.45 
4.60  j  6.90 
4.90  !  6.60 
5. 40  6. 10 
4.95  :  5.20 
4.90  '  4.70 
4. 8.5  4. 30 
4. 8p  ]  4. 30 

i,m  ,  1.30 


7.60  j 
7.60  I 
9.35  j 
11.20  I 
13.05  j 
12.40 
10. 20 
9.90  I 
9.55  ' 
8.70  I 
7.65 
7.ti5 
8.20 


4.70 
4.a5 
4.60 
4.. 50 
.5.15 


6.  r.j) 
r..  .50 

6.  .H5 

7.  75 
SAX) 
«.20 

H.S5 
12.  S5 


4. -25 
4.20 
4. 15 
4.10 
4.10 
4.30 
.5.80 
6.20  1 
6.40  I 
6.65  j 
6.90 
8.30  I 
8.  SO 

7.90 

I  I 

I I 


9.;to  \ 

8..V) 
7.90 
7.35 
6.90 

I  '■''' . 

6.05 
'  6.00  ! 
!  5.90 
j  5.70 
I  5.ri0 


5.  (iO 
5. 60 
5.  .50 
5.  40 
5.  40 
5. 40 


5.60 

5.60 

5.60 

5.60 

5.60 

5.60 

5.60 

5.60  I 

5. 60 

5.  M  • 

5.  .5<> 

.-..,«! 

5. 70 
5. 90 
6.00 
6.01)  ' 
Ti.  10  I 
6.40 
6.65 
6..'^0 
6.40 
6.20 
6. 20  ' 
6.20 
6. 15 
6.10  i 
6. 05  i 
6.00 
6. 00 
5.  .SO 


5.81 

.va 

6.71 

b.n 

6.71 
5.71 
5.70 
5.61 
.V0O 

.^6l 

6.l» 

^s» 

5.50 
b,» 
.>).« 
5.49 
fx50 
5.«   j 

7.00 
7.3 
7.1) 
-.» 
7.25 
7.* 
7.10 
7.  CO 
7.»« 
7.00 


I 
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Raiihg  UMe  fvr  Kanms  liiver  at  f^romptou^  Kann.^J'in'  Ui02. 


height. 

1 
'  Discharge. 

heSht. 
Feet. 

!  Discharge. 
'  Second-fed. 

Ciugi" 
height. 

Ffti. 

DiMchurge. 
•  St(ynui-/frt. 

Gage 
height, 

i 

'  Dlm'hiirge. 

Vtti. 

\  Stn,H*i-Jc€l.  . 

1 

Fret. 

.Vrr>n/f-/<rf. 

2.0 

275 

4.6 

6,710 

7.2 

15,200 

}       i>.8 

24,:^ 

2. 2 

625 

4.8 

7,300 

7.4 

15,900 

''     10. 0 

25,000 

2.4 

1,000 

5.0 

7,900 

1       7.6 

16,600 

10.5 

27, 500 

2.6 

1,425 

5.2 

8,510 

7.8 

17,300 

11.0 

30,000 

2.8 

1,885     ' 

5.4 

9,  i:iO 

S.  0 

18,000 

11.5 

32,  750 

3.0 

'       2,375 

5.6 

9,770 

8.2 

18,700 

12.0 

:i5, 500 

3.2 

1       2, 890 

5.8 

10,  430 

8.4 

19,400 

12.5 

38, 625 

3.4 

8,415 

6.0 

11,110     ; 

8.6 

20,100 

13.0 

41,750 

3.6 

3,940     , 

6.2 

11,790 

8.8 

20,800 

13.5 

45,  375 

3.S 

4,465 

6.4 

12, 470 

9.0 

21,500 

14.0 

49,000 

4.0 

5,000 

6.6 

13, 150 

9.2 

22,  2CH) 

15.0 

58,  (KH) 

4.2 

5,550    , 

6.8 

13,  a^ 

9.4 

22,900 

16.0 

67, 000 

4.4 

6,120 

7.0 

14,510 

9.6 

23,600 

17.0 

76,000 

Etttintated  vumthly  di»rhnT(je  of  Kamau*  River  at  lA'CimiptuHy  Kann. 
[Drainage  area,  5«,550  Htiuare  milen.] 


Month. 


DiHchargt>  in  aecond-feet. 


Maxi  .  um.  i   Minimum.        Mean. 


Kun-i>fr. 


I 


Total  in  acn*-! 

feet.  Second-feet 

l»er  fKiuare 
i  mile. 


Depth  in 
inchfM. 


1902. 

inuary 1,000 

jbniarj- 625 

arch .3,675 

pril 3,415 

lay 23,075 

une 28, 500 

uly 81,400 

lugurt 40,812 

September 53,  a50 

^lier I  42,112 

Sovemlxyr 13,320 

December 15, 900 


I 


The  year i     -81,400 


445 

275 

100 

2,250 

2,125 

11,110 

11,450 

6,415 

5,  270 

9,i:^ 

9, 450 
9, 130 

100 


7()7 

492 

2,4(50 

2,  653 

8, 4.35 

17, 131 

38,  291 

11,941 

14,990 

17,734 

10,  830 

11,785 


47, 161 

27,  324 

151,259 

157,864 

518,  (i4S 

l,019,3(v^> 

2,  354,  422 

734,  223 

891,977 

1,0<K),421 

fU4,  430 

724,  (i31 


11,459     8,3(51,725 


0.  01 
.01 
.04 
.05 
.14 
.2<) 
.65 
.20 
.26 
.  30 
.  IS 
.20 

.  20 


0.01 
.01 
.05 
.06 
.16 
.32 
.75 
.23 
.2^) 
.35 
.20 
.23 

2.66 


BLUE    RIVER   NEAR   MANHATTAN,  KANS. 

The  gaging  station,  established   April    lL\    ISH5,   is  at    th(»  county 

bridge  4^  miles  north  of  Manhattan.     The  gag(»  rod  consists  of  three 

sections,  the  lower  being  an  ash  stick  driven  into  the  bottom  of  the 

nver  and  bolted  to  an  overhanging  cotton  wood  tree,  ;^i>  feet  ea.st  oi  t\v^ 

IBB  84—03 7 


ys 


STREAM    MKASITREM?:NT8    IN    1902,   PART    III. 


[so. 


bridge.  The  other  two  sections  of  the  rod  are  l)olted  to  the  .m)u 
bridge  pier.  The  bcMicli  nuirk  is  a  eross  cut  in  the  capstone  <»f  t 
south  bridge  pier  iininediat<»ly  above  the  upix?r  gage,  and  is  3*2.1 
feet  aljove  gage  datum. 

The  observer  is  C.  M.  flatter. 

Diitrharfjf  nirasitrnnmts  o/  Jifiir  Hiver  near  MtnihaUaUy  K(ni». 


imto. 


Hydn»jrrHpluT. 


1902. 
Marrli  14 W.  (t.  KiiisselL 

April  29 do 

May  20 do 

June  10 do . 

June  2ft <lo 

July  9 do 

JulvU'' 


Ghkc 
heiKht. 


Fcrt. 
4.10 
3.80 
5.00 

0.70 
25. 15 


do 26.85 


iMM'Imr) 


HreimilJ 


1". 
1, 


aBackwHtor  fmm  KansHs  Rivor  pnilmbly  chuso*!  low  disrharKO  on  .Inly  14. 
Ihiihj  ffatjt'  hel(jht,  in  ffd,  (if  lllnv  Jxlrcr  near  Manhattnu,  Kani(. 


Day.  .Ian.     ¥vh.  ,  Mar.    Apr.     May.    .Inn*-.  ^  .Inly,  i  Auk.     Sept.     Oct.   ,  Nov.     1 

''■      '      "        '    '  i       i       I       ; 


1902 
1 

4.20 

2 

4.00 

3 

3.  H() 

4 

'  3.  SO 

5 

3.90 

6 

4.0t) 

7 

4.(H) 

8 

.    3.W 

9  .    .     . . 

3.9() 

10 

3.  MO 

11 

4.00 

12 

3  *.H) 

13 

14 

15 

3.9U 

'  3. «H> 

3.'.H> 

If) 

3  W 

17 

3.  «K) 

IK 

3.  «H.» 

19.. 

4,(K» 

20 

l.(H) 

21 

4JX) 

22 

23 

24 

I.«X» 

l.(X) 

1    J.U) 

2r> 

26. 

l.W 

'i4.  (M) 

'r",  <Ht 

2x 

29 

IK). . 

1    en 

"3.  W 

1 
I'O 

31 

1  J.  00 

("I 

(") 

'«3.S«> 


'  i.H) 


<'iO 

:a) 

40 

:«.  , 
10  I 
10 

(to  I 

10   ' 
I 
20 

-"i 

2(»  I 

10  ; 

■-■"I 

20  ' 

'-■"I 

10  ! 

(N)  I 
oo  ' 

00 


4.00 
4. 10 
4. 10 
4.10 
4.20 
4.20 
4.  20 
4.20 
4.20 
4.10 
4.(K) 
4.00 
4.00 
4.00 
4.(M) 
4.U» 
4.00 

4.  (X.I 
l.(H) 
3.  ".;o 
3.  '.»0 

:\.  'HI 

.1.  9<l 
.3.110 

:?.  IK) 
3.  W 

:'..  .^) 
:;.  Ml 

3.  NO 


:'..  .SO 
3.  so 

3.  .so 
4.. so 
^.  10 

:).  iHi 

3.  90 
3.  90 
3.90 

3.  90 
1.00 
1.00 

:;.  .so 

1..S0 
l.<Ui 

4.  (HI 

.^).  :m) 

1.70 
.'..  :w 
;'..  20 
4.'.Kl 
10. '20 
10.10 

io.;io 

is.  00 
It.  10 
S.N) 

7.  so 

c.  to 

(•».  IKi 


.\rio  I 
:>.  :{o 
.1.20  I 
.">.  10 
.'».  (H) 
7.  'Jt) 
C.  St) 
13.  (K) 
10.  00 
is..',0  ; 
IS.  00 
14. (H) 
12.10  ; 
1 1 . (U) 
13.  70 
12.«iO  ; 
10.  .'lO 
10.30 

10.  (U) 
13..'.0 
l.')..^0 
12.00 

9.  00 
.s.  70 
7  .■>(J  ' 
C}.  SO 
(».  to 
1:5.  .^.o 
II. so 

1 1 .  (.0 


22.00  I 

21.. V)  ; 

I9.:i0  ' 
lh.70 

IS.  a) 

11.20  ' 
9.70 
19.  10 
2.').(K)  I 
2*J.  00 
:n..'iO  ■ 
31.20  I 

:«•.  00 

2s.no  ' 
IS.  70, 

11.20 
10.70 
11.20 
14.  SO 
13.20 
12..'»0 
13.00 
13.40 
It.. so 
1.'».30 
11.  :M) 

ii.r>o  ' 

1 1 .  00 
11.70 
11. so, 


ll..'»0 
10.90  ! 
10.  OO  I 

9.40  j 

S.SO 

7.«.K)i 

7  00  I 

7..'>0  I 
7.  30 

7.00  j     7. 

(i.90  ! 
0.  s(»  I 

•■■■■"I 

(•...'>0 

I 
l'..(4) 

r...'io 
IkW  , 
7.  \H) 

s.  20 

7."»0 

s.  10 

s.  40 

S.20  I 

s.  10 
10.  10  I 
11.20  ' 

1 1 . :«) 

l.'».(K) 
2:^.  VA) 


24.  nO 
20.  «K) 
17.90 
13. 10 
9. 40 
s.  a) 
s.  2t) 
7.90 
7.40 
7.10 
.10 
«;.  «K) 
0. 00 

(i.  no 
0.  r»o 
«-..  w 

0.  M) 
«>.  20 
0.  10 
0.  10 
fi.  00 
0. 10 

6.  .'iO 

7.  (U) 
10.  70 
10.  w 
10.(10 

9. 10 
s.  10 
9.30 


10.10  , 

S.  10 
7.  iW 
13. 10 
1').«'.0 
I4.:i0 
12.  ;jo 
ii.:io 

9.  70 
9.00 
.s.  40 
•S.  SO 
19.30 
If..  20 
12.  'M) 
11.20 
9.  20 

s.so 
s.:{o 

8.(X) 

7.so; 

7.(H)  . 
7.40  I 
7.20 
7.10 
7.00  I 

O.SO  I 
O.SO  j 


6.10 
9. 90 

s.so 

'.\^) 
•;.  90 
i\.  :*) 
r..  40 

r..  JO 

rt.  -21) 
(i.  20 
6. 10 
(i.  70 
7.60 

7.r.o 

7.00 
(i.eio 

(*..40 

r..40 
r,.  :5o 

0. 20 
0. 10 
f..  10 
6.10 
6.20 
6.20 
6. 10 
6. 10 


ft.  fiO  I  . 


«Fro/.i<u. 


.VELL.] 
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Rating  table  far  Blue  Rif-er  near  Mimlmltan^  Kau*.,  fttr  1 90 J. 


Gage 
heijfht. 

DifU'harge. 
Sfrond-fert. 

Gage 
height. 

DiMeharge. 

(J»ige 
hoight. 

1 

•  Diwharge. 

1  Stcond/cft. 

(iage 
height. 

Fat 

Diwharge. 
S*rond-/€(i. 

Feet. 

3.0 

140 

6.8 

2,006 

10.6 

5, 468 

15.0 

11,760 

3.2 

204 

7.0 

2, 150 

10.8 

5,684 

15.  5 

12,710 

3.4 

268 

7.2 

2,:^06 

11.0 

5, 900 

16.0 

18,670 

3.6 

:J36 

7.4 

2,462 

11.2 

!       «,  124 

16.5 

14,  («0     1 

3.8 

408 

7.6 

2,624 

11.4 

6,348 

17.0 

15,590 

4.0 

480 

7.8 

2,792 

11.6 

6, 576 

17.  5 

16,550     ! 

4.2 

560 

8.0 

2,960 

11.8 

6,808 

18.0 

17,510 

4.4 

♦>40 

8.2 

:^,\m 

'     12.0 

7,040 

18.5 

18,470 

4.H 

728 

8.4 

8, 312 

12.  2 

7,  280 

19.0 

19,430 

•     4.S 

818 

8.6 

8,492     1 

12.4 

7, 520 

19.5 

20,  890 

0.0 

910 

8.8 

8, 676 

'     12.6 

7,  764 

20.0 

21,:i50 

0. 2 

'       1,014 

9.0 

8, 860 

12.8 

8,012 

21.0 

1     28, 270 

0.4 

1,118 

9.2 

4,052 

18.0 

8,  2(>0 

22.0 

25,190     1 

h.iS 

1,228 

9.4 

4,244 

18.2 

8,  560 

28.  0 

27,  1 10 

5.S 

i     i,:h4 

9.6 

4,440 

18.4 

8,860 

24.  0 

'    2^),  o:io 

H.O 

1,460 

9.8 

4,640 

18.6 

9,  186 

25.0 

,     80, 950 

H.2 

1,592 

10.0 

!       4,840 

18.8 

;       9, 588 

6.4 

1,724 

10.2 

5,048 

14.0 

9,  890 

1 
1 

«.  l> 

1,862 

10.4 

5, 256 

14.5 

10,820 

[ 
1 

Kftimatfd  monthly  dwcluirge  of  Bltw  River  near  Mnnhdttnit^  Kntitt. 
[DniiiiJigf  Kni».  9,490  M«man*  inile«.] 


l»i?H'.hHrgi*  in  f*et<unl-ffi't. 


Month. 


1902. 


aniiarv . . . 
'Vbmary . . 

darrh 

^pril 

klay 

fane 

fnly 

^OgUHt 

^ptenil)er . 
^•tolwr  . , . 
^ovenil)er  . 
^cember  . 


Maximum. 


560 

910 

910 

5<i0 

17,510 

17,  510 

48, 430 

27,686 

29,990 

20,006 

4,740 

3,136 


The  year \      43,430 


Minimtuii. 


408 

408 

480 

408 

408 

910 

4,  540 

1,790 

1,460 

1,790 

1,526 

1,0(56 

408 


Mean. 


KuiM.fT. 

iTotaliUHtri*-  ~ 

fci't.  StM-ond-fect    j^       ,   . 

^•^'miir''"  I    incheM." 


461   ; 

619  I 

618  j 

488  I 

2,  157  I 

6,298  I 

16,866  j 

4,  829 

5,011 

5,071  ' 

1,945  I 

1,897  I 


28,  846 

84,  878 

87,  988 

28, 740 

182,62*) 

874, 757 

1,087,050 

266,  180 

298, 175 

811,804 

115,785 

116,642 


0.05  I 
.07  i 
.07, 
.05  I 


0.06 
.07 
.08 
.06 


8,818  j  2,782,419 


.28 

.27 

.m 

.74 

1.78 

2. 05 

.46 

.53 

.  58 

•      .59 

.58 

.61 

.20 

.22 

.20 

.23 

.AO 

\        5^.?>V 

100  0TBEAX   MEA8URKMENT8   IN   1902,  PART   III.  t» 

UKPUBmi^AN    KIVKK   AT  Jl'NCTIOX,    KAN8. 

The  g^ing  station  at  this  point,  iv^tablinhcd  hy  Arthur  P.  Da 
April  2fi,  181>5,  \h  loc*ated  at  the  wagon  bridjre  at  the  north  ciu 
Washington  street  just  above  the  mouth  of  the  river.  The  gag<»  • 
sistfi  of  two  oak  timbers  bolted  to  a  post  and  to  a  c^ttonwood  t 
One  bench  mark  consists  of  a  6<)-pt»nny  spike  driven  into  the  Vmu? 
the  a)>utmeiit  of  the  liridge  at  an  elevation  of  10J)7  feet  on  the 
the  second  Iwnch  mark  is  the  top  of  a  stone  in  the  l)ase  of  the  br; 
abutment  18  feet  south  of  the  gage  and  at  an  elevation  of  14.51 
above  gage  datum.  The  right  Imnk  is  high,  but  the  left  is  low  and  \ 
overflow  at  high  water.  The  l>ed  of  the  stream  is  sandy  and  liabl 
change. 

On  OctolH»r  28, 1\HK)^  a  new  }>ench  mark  was  established,  at  an  el 
tion  of  12.35  feetalK>ve  the  zero  of  the  ofd  gage.  It  is  a  spike  dr; 
in  the  west  side  of  a  c^)ttonwood  tree  IS  inches  in  diameter  and  10 
west  of  the  bridge.  The  spike  is  alK>ut  2  feet  alx)ve  the  groi 
The  olwerver  is  J.  H.  Kathert. 

IHtmhurtje  iiu^utnrriiurttUi  of  Jiej/mfdieiin  Riirr  at  Jntiction,  Katut, 
Date.  Hydniirmpliir.  .   ^^^,     \  lH«rlu 

_.  _ _ .       -  -  - !  - 

1JK)2. 

Man-h  l.'i W.  (i.  KukwII 

April  29 do 

May  1» do 

June  5 d(» 

.Tune  IB do 

June  2.*> do 

July  7 d<» 

July  s do 

July  l.'i do 

SepteinlHT  27 <lo 


HydnifrmpluT. 

1  helKht.   1 

Ruiiwll 

4.(K) 

M.  (W> 

:>.  10 

4.  HO 

:>.  10 

4.  so 

7.  'vS 

10.25 

«i.  (>5 

S.  AO 

VKLL.] 
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DaHy  gage  height,  in  feeL,  of  Republican  River  at  Juiuiion,  Knn$, 


0*7. 

Jau. 

Feb. 

Mat. 

Apr. 

Hay 
3.*0 

JltQCr. 

* 

5.30 
5.10 
S.10 
4.80 
fi,30 
5.90 
7.M 

0.40 

34*1  r. 

AW. 

flflpt. 

Oct 

Nuv. 

Dec 

' 

I. ,_,.. 

3.«6 

3.75 
S.7S 

a.  76 
a.  80 

S.90 

a,  SO 
a.«o 

3.90 

3.90 
3.90 

^.no 

a,  90 
a.M 
a.  90 

8,90 
3. 90 
EfO 
3.90 
3  W 

a.  90 

a.  90 

1.90 

a.90 

*.90 

a,  90 

3,90 
3.90 

a.  90 

a90 

S.90 

a.  90 

3,90 
3.90 
3.90 

a.  90 

4.00 
4.00 
4.10 
4.M 

4.00 

4.20 
4.  SO 
■i.30 
4.40 
4.50 

4.eo 

4.50 
4.  SO 
4.30 
4.Q0 
4.00 
4.00 
a,  90 

3.  nil 

4.36 

4.30 

t.ffr 
a  so 

9.30 

.-4 

fi.7« 
5.00 
6.35 

T-'SO- 
5.» 
5.00 
4.30 
3.ft5 
a.  4.^ 
3.40 

tm 
a.a't 

3.30 
3,30 
3.10 
2.90 
190 
2.90 
*XS5 
2.66 

*ao 

*J.7fi 
2,75 
^70 

4.0» 
4.00 

0.00 

A.  aft 

«.90 

6,ia 

6  JO 
4.00 
4.30 

4.00 
4.00 
4.90 
6.70 
4.90 
4,30 
4.40 
4.30 
4.00 

R  IN) 

■* 

VSo- 
3.  mi 

3.96 
3.« 
3.60 
3.1.'^ 
3.40 
3.46 
3.46 
fi.^ 
3.1* 
3.40 
3.50 

.  3.4^ 

!,,..„„-.,, 

3.40 
3.40 

l ..— 

i. .,. 

■- *  * 

1,10    %M 

4.00   lea 

4.00     4.00 

i 

7.P0     i.hh 
7.35     4,1ft 
7.10  '  4.20 
10. BO     4.10 

JO. 40  *  3,86 
ITUO  '  fl.lO 

a.a.'^ 

........................ 

a.  90 

!!.fiO 
3,«) 

a.  £6 

3.«0 
3.W 

a.M 

Jl,75 

a.  70 

S.80 
3.7S 
3.70 

1«5 
3.6fi 
S,6fi 
3.96 

3,10 

3.10 

»»... 

D- 

........_..• 

a.ou 

3.00 

a.  JO 

].._„ 

M0|  la.TO  ;  3.00 
1  m    inio    Sim 

3.20 

1  *,.... 

!,,,..„,„ _... 

3,2U 
3.20 

4. .,....,,. 

4.96  r5.4a       7.e0     3.40 

4  70  1    AW        A  AH      J  .^ 

^1A 

!„„„ 

Am 

1.. ....„,..* 

a  Ti    4.00    A  Ml     fiyft    a.35 

a.  70  '     3.13 

J_ ...J 

2  f^    A  ^  '  -i  4n 

A  m      .S  7,>    n.^'V 

a.  tiO      a.  art 

»,.  ,-...„.._ ! 

3.  BO 
3.m 

3.75 

a,  70 

3.90 
3.90 
3.S6 
3.80 
a.  90 
il.O* 

S,90 
4.10 

a. 70  '  4,a) 
a.  70    4.60 
Xm    5.40 

a,M  !  0,10 

a.  70     fl.40 

S.flffl  '  fl.fiO 
;i.oo  1  o.ar^ 

3.6&  ;  7.(KJ 

3,«fi  .  r,,?o 

3.(42  ■  6.70 
3,65     fi.€0 
;  5.90 

.^.^  .    5.40 
6.40       A.0O 
R.00      4.»*0 
ll.a0       4.70 
6.30       fi.30 
.S.00  i    4.7ft 
4.90       4,40 
4.80  I     4.20 
-1,00  1     4.20 
4.10       4.00 
fi.  as       4.1'0 

7.H0     «.ao 

7,80       a  40 
7  50 

3.10 
a.AO 
3.60 
7.00 
4.10 
3.90 
3.90 

3.ra 

;i5U 
fi.  10 

a,(K>      »?ao 

t  ,...::.. J 

!„.„„ 

1 .._ 

a.  45 
a.  40 
a,  50 

S.fiO 

a  tft 

3.  SO 

a.  36 

3.66 

t,.... 

4.U0 
4,10 
4.00 

a.  70     3.SS 
a.35     3,») 
3,  as     3,75 
MO     3.66 
W.20    3.eo 
H..y)     3.56 
6.90     li..>"j 
5.70    a.-*^ 
5.50  1  a.,=w> 

3.4.*^ 

3.  an 

3.35 

1 

3,30 

i, 

£.90 
S.W 
1.90 
S.9D 

a.  10 

3  90 

1..... ,.„.,,, 

h........... ....„;' 

i. __... ' 

L.. „.. 

1..  .                 

1  8.40  i     3.30 
a.  45  '     3.65 
.^45        3.42 
3.40        3.115 

R  4M 

Rating  inl 

Uefor  Rep 

Gage 
height. 

uhlican  River  at  Junetwny  Kant., 

for  190-^. 
hoilfht.    :  ^^«^»"* 

helSt. 

Di**rhaixc. 

Dischargt'.    i      Gage 
1    height. 

1 

DischarKe. 

1 

Seamd-fect. 
6,000 

MY. 
X) 

2.2 

1 
Sfcand'/ed.         Feet. 

20     :      4.6 

Secotid/eH.  \       h\d. 
1,480            7.0 

/'er/.         Secoiul- 
9.  4            LS,  2( 

2.4 

30    ,       4.8 

1,720            7.2           6,()00 

9.6     1     18,800 

2.8 

70 

5.0 

1,960            7.4           7,200     ' 

9.8          14,4(X) 

2.8 

140 

5.2 

2,210            7.6     1 

7,800     i 

10.0          ir>,000     j 

:i.O 

220 

5.4 

2,520 

1       7.8     1 

H,400 

10.2       ir>,(ioo 

a.  2 

800 

5.6 

2,840 

!       8.0 

9,o(X)  ; 

10.4     !     1(>,200 

:u 

400 

5.8 

3,200     j       8.2 

9,  (UK) 

10.6     ^     16,800 

3.8 

510 

6.0 

3, 600     1       8.  4 

10,200     I 

10.  S          17,4m) 

:i.8 

«30 

6.2 

4, 000            8.  (> 

10,800 

11.0          18,0(X) 

4.0 

840 

6.4 

4,400     ^       8.S 

11,400      S 

11.5          19,5(K) 

4.2 

1,050 

6.6 

4,900 

9.  0 

12,000    i: 

12.0     ,     21,000 

4.4 

1,260 

1 

( 

18 

5, 

400 

1       \ 

2 

12,6 

00     i 

13. 

0    1 

24,000 

\ 
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HHtimaied  nuntthhj  (liarhtmjt'  of  HfpuhiicfUi  Jihtr  at  Jitnrtinn,  Kan*. 
[I>mnmKt>  uvr\  iA.K'jT  s/juf.rr  milos.J 


(KO.M. 


iJfscharpc  in  H«'<*()ml-fiH'l. 


Run-off. 


\  Month. 


T<»tal  in  arr**- 

fo<«t.  Peoond-feet    i)t.,.ti,;„ 

I  Maxiinun).      Minimum.       Mean.  per  Miuun*      jn'j.JJp, 


1902. 

January 945 

Febniary.... 1,425 

March 1,480 

April 1,207 

May 7, 800 

June  . . . ; 8, 400 

July 2;!,100 

Kn^wA 11,700 

Septeinl)er 1 0, 5(X) 

OctolxT 5,150 

NoveiTilHT 787 

Dec'einlH'r 2,  441^ 

The  year 28,100 


(MX) 

710 

43,  (55('> 

0.03 

0.(8 

7H5 

775 

43,  (Ml 

.a3 

.(« 

570 

887 

54,5:^9 

.a3 

M 

510 

(154 

38,91(» 

.03 

.(C 

482  , 

2,128 

i:W,84(J 

.08  , 

.09 

,2<J0 

a,  3;J8 

198,(525 

.  13  i 

.15 

840  ; 

7,887 

484,953 

.30 

.35 

280  ' 

2, 04() 

125,804 

.08 

.(» 

88  ' 

1,(>4(> 

97,944 

.06 

.07 

427  ! 

i,4.sr, 

88,296 

.06 

.07 

400 

471 

28, 02(^ 

.02 

.02 

220  1 

422 

2:>,944 

.02 

.02 

^^  ! 

l,8(i7 

l,3(i0,590 

.07  ' 

M 

UKITHLICAN    UIVEU    AND    THE    MIIJ.    RACK    NEAR    SUPERIOR,  NEBR. 

This  station  was  ostahlislicd  rJunc  2t>,  iS'Jd,  about  ono  mile  west  of 
Suporior,  N(»l)r.  'V\w  old  t^atif(^  rod  was  first  |)hK*(Hl  just  al)ovo  the 
highway  i)ndo;o,  which  is  itsolf  75  yards  ahovo  tlic  dam  which  divTits 
wat(M-  into  th(>  mill  race. 

This  *^ajif(»  consists  of  an  oak  pi(ci^  2  by  4  inches,  10  feet  lon^.  The 
face  is  inclined  30d(*<^iv(\s  to  the  hori/ontiil,  and  the  footmarksare  place(i 
2  feet  apart  to  correspond  to  this  inclination.  The  rod  is  fasten(*d  to 
cross-ties  which  are  bedded  in  the  bank  of  the  river.  The  Icn^ation  Ij* 
on  the  outside  of  an  (^asy  ImmkI  in  the  river.  The  ))ed  of  the  river  i> 
of  mud  and  sand.  1'he  top  of  the  rim  of  the  upstnnim  cylinder  of  th^* 
north  pier  is  15.42  feet  al)()ve  the  zero  of  the  ^a^e.  Bench  mark  2  \^ 
the  standard  4-f()ot  iron  i)ij)(*  of  the  United  States  Geolo<^ical  Surv(\V. 
It  is  s;^  feet  north  of  the  uj)stream  cylinder  of  the  north  pier  of  th< 
bridti('an<l  is  10  feet  west  of  the  line  of  th(^  uj)stream  truss  of  the  briduf^' 
It  is  1  foot  inside  a  wire  fence.  'V\w  top  of  the  pipe  is  4  inches  alK)\' 
the  t»"round  and  tin'  elevation  is  4.ss  f(M4  above  ^at^e  datum. 

In  the  spring  of  1SI»S  two  other  i^a<^es  were  estaldishi^d.  The  tivr 
crajre  was  j)laced  in  the  riviM-  a  few  feet  upstr<'ani  from  the  crest  of  tli 
dam,  the  zero  biMntr  Jit  the  same  elevation  as  the  crest.     The  second  i 
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n  tho  mill  race,  which  is  crossed  hy  a  wagon  bridge  al>out  5(>  yards 
3elow  it**  head.  Discharge  measurements  of  the  river  are  made  from 
the  highway  bridge,  thus  determining  at  once  the  discharge  through 
the  mill  race  and  from  the  dam.  The  discharge  from  the  mill  mce  is 
measured  and  is  deducted  from  the  t^>tal  discharge  of  th(>  river  to  give 
the  amount  passing  over  the  dam.  The  !)ench  mark  for  this  river  gage 
Ls  l)onch  mark  No.  2  of  the  old  gage  des(q-ibed  al>ove.  Its  elevation  is 
L!^2  feet  above  the  datum  of  the  gage  at  the  dam.  The  gage  of  the 
mill  nice  reads  2  feet  higher  than  that  of  the  river  gage,  so  that  Ui^ 
eero  is  ♦J.J*^  feet  lielow  the  same  l)ench  mark. 

It  wsis  found,  however,  that  the  discharge  of  the  mill  nice  was  reg- 
ulated more  or  less  by  the  mill  below,  so  that  there  was  no  relation 
irhatever  bet\ieen  the  gage  height  and  the  discharge.  To  remedy 
thij«  difficulty  the  observer  records  the  depth  of  watei  in  midstream 
ittho  wagon  bridge  and  inunediateh'  thi>reafter  notes  inunlMM-  of  sec- 
wids  required  for  a  float  to  pass  over  a  50-foot  mnge  in  midstream, 
rho  ratios  of  the  time  to  the  depth  was  found  to  bear  a  constant  r(»la 
tion  to  the  discharge. 

During  1H09  (llenn  E.  Smith  made  an  examination  of  a  portion  of 
the  upper  Republican  River.  On  September  ♦>,  ISIM.),  jit  Oxford, 
Xebr.,  the  river  channel  was  dry  and  was  reported  U>  have  l)een  in 
this  condition  for  ten  days.  At  Orleans,  about  12  miles  below,  there 
was  an  estimate<l  discharge  of  O.H  second-foot — this  small  amount  <'om- 
intr  froni  Stippa  River,  which  enters  at  this  jioint. 

J}ixrhiirfje  mettimreinfiUH  uf  Repufdirtin  Hirer  veur  Superior,  Xrhr." 
Date.  i  Hydn>ffrHi>lMT. 

1902.  j 

March  16 '  Frank  DobwMi 0.  75 

April  0 J.  C.  Stevens 

May 24 FrankDobeon 

July  8 J.  C.  St<»vens 

July  30 do 

I 

August  12 do 

i^ptember  19 ' do 


height. 

l>isrharjr**. 

Fert. 

Srrtiwl-frri. 

0. 7r> 

()25 

.70 

G88 

1.:^) 

1,41>9 

(^') 

12,494 

1.25 

1,5()2 

.7:5 

558 

.  :{<) 

IM 

«*Th«He  dlftcharKf^  inclu<W  that  Howiiijr  in  tin-  mill  dkv. 
b  Water  out  of  baiilui  on  )x)th  Ri<l«*N  ami  over  top  of  j^u^c  nxl. 


104 


STREAM   MEASUREMENTS   IN   1902,  PART  ITT. 

DiM'harye  vwaxuremeiUn  of  mill  race  iifar  Superior,  Xehr,^ 


J)Hte. 


1JK)2. 


I 


I 


Hy(ln»KrH])her 


Dis- 
charge. 


,  Str.-fnt. 

March  16 Frank  Dobson ...         22 

April  5 1  J.  ( '.  SteveiiH 54 

Mav  24 Frank  Dobson . . . |        :i5 


DaU'. 


1902. 

July  30 

Augii>«t  12 

September  19. 


Hydniin^pJuT. 


J.  C.  Stevens. . . 

do 

do 


[no. 


rhun 


Srr.-O 


ttiiagi*  hoightu  ATV.  not  (>b»t'r\'od,  1ml  dcptJi  of  water  In  mid.Ktn'am  nnd  the  time  requinxl  f.>rn  ri 
t<>  i»a.Hs  over  a  fiO-foot  rangv  in  midstream,  the  raticw  of  which  are  nsed  inntead  of  gage  height<^. 

1  hilly  gmje  height,  iujWt,  of  Republicfin  Hirer  near  Siiperiirr,  Nef/r, 


Day. 


Mar. 


1 

1902. 

' 

2                              

3 

4 

5 

A             ' 

7  .       

8.     .. 

("■) 

9 

0. 90 

10. 

.  s.-) 

11. 

MJ 

V2 

S(» 

13 

.S(» 

14 

.  Ki 

15 

16 

17 

.  .                   .70 

IK    .    . 

.  H.'» 

ly 

.SO 

'*{)                 .  (.  1 

21 (i!) 

'>J 

7.-» 

'M 

TS 

•24. 

-- 

•io 

.  s 

2t\ 

S.I 

'>7 

>] 

'> 

.  '.17 

L>y 

•M) 

.  Ki 

Apr.       May.      June.      July.       Aug. 


•.«0  I 


.70 
.70  I 
•*»■- 


.50 
.70 
.41) 

.w 

1.02 
l.ln 

.ST) 


.70  , 
.70 


I 


I. 
1 .  «•>'.» 
l..'>:t  ' 
1.42 
1.20 
l.:'.o 
1 .  .■)<■. 
1 .  \r> 
1 .  y'. 

!.(..'. 

1 . 7:> 
1 . 2.') 
1.20 


1.10 
1.00 

i.a'i 

1.S2 

i.yft 

1.90 
1.92 
1.  y^ 

i.:io 

1.  12 
1.00  1 

I .  (V) 


l.:-..s 
1.20 
1 .  20 
l.OH 


1.9S 
2.32 
2.  OS 
1.30 
•2.40 

(^) 

3.50 

2.5.^  ' 

i.KS  ' 

1.92 

1.72 

1.42 

l.:i0 

i.i:. 

i.r^ 

1 .  so 
1.10 
1 .  (C) 
l.(M) 
.  '.>2 
1.02 
l.os 


:i.oo  ' 
i.r,o 

1.20  , 
1.70 


1.42 
l.'iO 

i.(;5 

1.18 
.95. 

.«i 

.90  ' 
.82  I 

.KO   I 

.70, 
.81 
.70  ' 
.(>2  i 

.so' 
.78  I 
.♦io 
.(10  , 


..M  I 

..=S0| 


Sept 


O.70 

.{JH 

.  rjs 

.61  ' 
.60 

••■*  , 

.r>2 
.r.3 

.45 

.42 

.4S 

.40  : 

.32 

.31 

.40 

.41 

.:i2 

.48 
.34 

.40 

3.  r^ 

2.32 

1.8<i 

1.78 

1.3'.  , 

1.10 

1.05 

1.02 


Nc 


.98  I 

i.a5  j 

1.19 
1.35 
1.00 
.9s 
.90 
.89 
.82 
.8>4  ' 

i.a'> 

1.45 
1.00 

..S') 

.f<2 
.99 
.90 
.91 
..s:i 
.  7** 
.70 
.71 
72 
.70 
.73 


"Oh.-scrvaliiiiis  <liscoiiliiiu«Ml  froiii  .luii.  1  l..  Mar.  9  jukI  <luriiii:  1)<'cptii1rt  on  ai-<'<»uiit  of  ico. 
'■  1'I<wk1:  water  over  lop  of  jj'iKC 
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Raiing  table  for  ReptMican  River  near  Sufterior^  A>//r.,  for  190:2, » 


Gage 
heighi. 

Di»ch&rgv. 

Gage 
heiglit. 

DiwiharKe.  : 

height. 

1  Dlwhargc. 

i! 

Gage 
height. 

Diwharge. 

¥ftt 

Serond-fefi. 

Fed. 

Stcmul-/tfi.  [ 

fM. 

1 

J  Sf^majfd. 

F',t. 

Sccoud-Jert 

0.1 

i5 

1.0 

850     1 

1.9 

2,780 

!l 

2.8 

6, 155 

2 

95 

1.1 

1.010     , 

2.0 

1      3,075 

1 

2.9 

6,  ^30 

.8 

15() 

1.2 

1,190     1 

2.1 

1     3,  mo 

3.0 

7,125 

.4 

215 

1.;) 

1,390    ; 

2.2 

3,  725 

il 

3.1 

7,  650 

.5 

2S5 

1.4 

1,610     1 

'           1 

2.3 

i       4,080 

3.2 

8,  195 

A\ 

'     :m) 

1.5 

1,840 

2.4 

4,  455 

!l 

3.3 

8,  7()0 

•  i 

46() 

l.«> 

2, 085     1 

2.5 

j       4,850 

II 

3.4 

9,  345 

.S 

!          570 

1.7 

2,340 

2.6 

5,  2(>5 

3.5 

9,950 

.9 

690 

1.8 

2,505     ! 

2.7 

5,  700 

i| 

3.6 

10.575 

•  Thin  ubl«  was  applied  iiidiruetly  a<rc«mling  t«»  th*-  methcKl  outIiiie<l  «ni  |Mige  323.  Niiiete«'nth 
Annual  RcfMirt  rnltwl  States  Geologic-til  Sur\'ey,  Part  IV,  and  given  the  diwharge  orer  \hv  <lani, 
exclusive  of  that  flowing  in  the  mill  ra<>e. 

Editfiatt'd  monthly  dijtcharge  of  Repuhl'imn  River  near  Sajterior,  Xehr. 
[Drainage  area,  22.347  Hquan*  niileN.] 


Dlsehargf  in  »eeond-feet. 


Run-oflf. 


Month. 


Maximum. 


1902. 

Mar«h9to31 

April 740 

May 2,810 

June 3,2:i5 

July 12,490 

Augort 1,920 

SeptemlH-r 10, 875 

OcU»ber 1,995 

^'oveinUT 970 


mm. 

1 
Mean. 

1 

Total  in 
n(Te-feet. 

Se<*ond- 

feet  per 

^Mlua^• 

mile. 

Depth  in 
inehcH. 

(575 

29, 453 

0.  03 

0.  02 

3$N) 

555 

33, 020 

.02 

.02 

:i:ys 

1,269 

78,  020 

.(M> 

.07 

320 

1,372 

81,640 

.(Hi 

.07 

970 

't  3, 080 

"189,360  ' 

"  .  14 

'f .  16 

aso 

674 

41,440  1 

.  03 

.  03 

155 

1,175 

(i9,910 

.  05 

.  0(» 

520 

937 

r>7,610 

.04 

.  05 

460 

622 

37,010 

.  ():{ 

.  0.". 

rt  KxeluMlvc  of  four  days*  fltxMl  dl>M-h»irK«'. 


SOLOMON    HIVER   AT    MLKS,    KANS. 


The  station  at  Niles  was  established  Miiy  5,  isj^T,  ami  is  locatod  at 
*^>ri(lgo  one-half  mile  west  of  th(»  town  und  7  miles  jil)()ve  tlie  mouth 
^^  the  river.  The  rod  of  the  wiri*  ^Jig<'  i^  s])ik(ul  to  the  floor  of  the 
bridge.  The  lieneh  mark  is  the  iippiMinost  of  thrcM^  nails  driven  into 
'^^'ottonwood  tree  13  inches  in  diameter,  on  (he  north  sidc^  of  the  river 
'^n(l25  feet  east  of  the  bridg(\  at  an  elevation  of  24.iM)  fret  above ^a^e 
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Dvicharye  measure inatiH  of  Kanm»  River  tU  Ijfannptmi,  Kmin. 


Date. 


1902. 


April  28 . . 
May  28... 

June  9 

June  21 . . . 
July  12... 
July  30... 
August  27 


Hydrographer. 


W.  G.  Russell. 
do 


.do 
.do 
.do 
.do 
.do 


G«|re 
leight. 


heigl 


Pcet. 
3.00 
7.00 
8.25 
6.50 

16.35 
6.15 
7.70 


DfaKhaiKf. 

1,540 
14,314 
17,182 
13,14* 
72,17: 
12,87 


9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 


Diiily  gatje  height,  in  feet,  of  Kansas  River  at  Lexaompimi,  Kaiui. 


Day. 


ilO 
110 
^10 
2  JO 
2.10 
2.10 
2.20 
2.^ 


2.40 
^.  40 
:;.40 
^,40 
:i.40 
•1.40 

2.30 
2.30 
2.30 
2.30 
2.30 


.1  2.:30 
.1  2.30 

•i  2.:«> 


:.30  ' 


26 

2.:w 

27 

?  -M) 

•28 

2.;w 

29 

2.30 

30 

2.30 

31 

2.20 

Ft^lj. 

Mat. 

1 

June. 

July. 

Ai«.    Beiit    <h.*i. 

>,.., 

2.20 

±W 

1 

^.40  1  *2.^ 

7.26 

]aB5 

s.oa 

1 

14,45  '  7,m 

A.  00 

2.2IJ 

2.00 

.^4^^   2.  no 

T.SO 

U.30 

7,65 

12.  S& 

Tk£0 

5.60 

^.2(» 

2,00 

s.a-i '  2.m 

7.U0 

11.75 

7.10 

n.3fi 

au 

«L«0 

2.20 

1.90 

3.3*  1  2,*J 

a.  m 

1L0& 

&.hh 

9.«. 

ii.a> 

SM 

2*20 

.1,90 

3.20    j.yo 

7.20 

12. 2D 

5.50 

8.115  \UM 

b,m 

2,30 

\,m 

a.:«>    3,05 

7.70 

n.m 

5.30 

i^.£o  ;li.^ 

h.m 

2.20 

2,  JO 

^.20     3;]l6 

o.t» 

12.(15 

4.  SO 

7,» 

10.20 

BOO 

2.2U 

2.65 

3.30 

sai-i 

S.W 

13.20 

4.70 

7,45 

9.^ 

5.  GO 

2.LD 

2.ft.'» 

X3» 

X80 

7.Bft 

13.  W 

4.60 

t;.9o 

9.55 

r>.«w 

2,20 

a.  i:> 

.1. 1<» 

3.  Tn 

9.,^0 

14.  to 

4.1*0 

l>.fiO 

8.70 

5,00 

'l.'M> 

a.  4" 

3,10     3,  TO 

U.fiO 

i^;k> 

fl.40 

6. 10 

7.  iSi 

^..■iO 

±•2^}  1 

a.is 

:t.  10    :t.  75 

9.20 

i6.au 

4.95 

ft.  20 

7.ti5 

xm 

2.20 

;i.20 

;mo  '  a.  115 

H,,50 

lUi.N'i 

4.W 

4.70 

8.20 

5.70  i 

2.10 

a.tJO 

a.  10  1  4.  2i? 

7.>*0 

17.40 

4.8.=i 

■i.m 

9.75 

5.90 

2,  Up 

xm 

3.W     -l-EitT 

7.J^ 

I7.(ia 

4.HS> 

4.W3 

9.:to 

6.00  ' 

i.m 

:j.5*) 

3.10]  4.!M) 

7. 25 

115,6.^ 

4.^ 

4.^ 

S.Evt 

■kOO 

2.10 

w.-^ 

3. 10     4. 90 

6.90 

15.55 

1.70 

4.26 

7. 9lt     6. 10  1 

2.10  '  3.10 

3. 05     4. 70 

6.70 

13.50 

4.6,5 

4.20 

7.:J5     6.40  ' 

2.10 

3.40 

3.00  '   3.95 

6. 50 

11.50 

4.60 

4. 15 

6. 90  !  6. 65  1 

2.00 

3. 40 

3.00     5.  iO 

6.  45 

12.  SO 

4.50 

4.10 

6.4S 

6.r^ 

2.00 

3.  -M) 

3.00  1  5.70 

6.  (W) 

10. 60 

5.15 

4.10 

6.05 

6.40  1 

2.00 

3.:i0 

3.00  1  r..20 

H.  80 

M.60 

5.  .55 

4.30 

6.00 

6.20  i 

2. 10 

3.50 

3.00     6.70 

S.  45 

7.00 

('».  75 

,5.80 

5.90 

6.20  1 

2.10 

^.TpO 

3.W>         HJ 

7.70 

7. 30 

6.  r.o 

6.20 

5. 70 

6.20  ' 

2.10 

a.  40 

3.00         7^ 

7.15 

7.a'> 

6.  50 

6.40 

5.00 

6. 15  1 

2.00 

.140 

K.(iO     K40 

6.  70 

7.00 

6..S5 

6.65 

5.60 

6.10  1 

2.00 

x:m 

X(i&     U.45 

6.  :i5 

7.W 

/.  <•> 

6.90 

5.60 

6.05  1 

2.00 

3.30 

:t.oo    9.2.'. 

6.00 

6.  SO 

S.OO 

8.30 

5.  .50 

6.00 

8.^) 

b,00     7  60 

9.00 

6. 3.'S 

5.20 

8.  SO 

5.40     6.00 

a.^Kj 

3.9.^     5.0rt 

10. 70 

6.10 

S.  h5 

7.90 

5.40 

,5.80  1 



a.  so 

^ 

^.m 

( 

7. 15 

12.S5 

5. 40 

vELU]  KANSAfl    BIVEB   DRAINAGE   SABIN. 
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DiM'hiiiVf. 

hoiRhi. 

I 

Imrg(>. 

hJiglu. 

DiM'liHrKi*. 

li«>iK>it. 

I»iM«bMIX*'. 

yn(. 

Smrtttl-fffi. 

/W/. 

1 

'  Smnui-fni. 

fWi. 

Str,mil/*rt. 

/>W. 

StntHii/trt. 

4.(» 

22 

7.4 

470 

10.8 

1,285 

14.5 

2,  375 

4.2 

:is 

7.fi 

512 

n.o 

l,:i37 

15.0 

2,  550 

4.4 

54 

7.8 

55(i 

11.2 

1,:W9 

10.0 

2,  iKK) 

4.r, 

70 

S.O 

mK)    ! 

11.4 

1,441 

17.0 

:\,  250 

4.S 

HH     ' 

S.2 

640 

11.0 

1,49.J 

18.0 

3.  (>00 

5.0 

102 

S.4 

(m    , 

11.8 

1,547     ' 

19.0 

:i.  950 

.').  '1 

'           122 

8.li 

788 

12.0 

1,<H)4 

2<).  0 

4,  .300 

.'>.4 

142 

S.  H 

784 

12.2 

i,<k;:i 

21.0 

4.  <>50 

5.  ♦; 

1()2 

9.0 

8:{o 

12.4 

1,722 

22.  0 

5, 000 

.').  s 

H»2 

9.2 

880 

12.0 

1,782 

23.  0 

5,  :{50 

»;.  0 

**22 

9.4 

9:u> 

12.8 

1,841 

24.  0 

5,  7(M) 

»i.l* 

252 

9.  «> 

980 

13.0 

l,tHK) 

25.  9 

(>,  050 

t;.4 

2S2 

9.8 

,  (KU) 

13.  2 

i,mio 

2t).  0 

0,  400 

»i.  ti 

31«i 

10.0 

,080 

13.4 

2,020 

27.  0 

0,  800 

n.s 

:i52 

10.2 

,1:50 

13.0 

2,  080 

28.  0 

7,  22<) 

7.0 

:i90 

10.4 

,181 

13.  8 

2,  140 

2<).  0 

7.  730 

7.2 

4;w 

10.0 

,233 

14.0 

2,  2<X) 

'M).  0 

8.  :;(H) 

h^hmited  imnitJdy  lilftcharge  of  Stilomon  River  at  XHvn,  A'«/m. 
[l>raliiaK<'  area.  6,K15  f«iiiare  mlk'?<.] 


Dlnrhai 

X*>  ill  MH'OIUI- 

ftHl. 

.M.-HII. 

Ttital  in 
urn'-ftft. 

Ruii-<»IT. 

S4M'Olui-l«*«'t        1, 

Month. 

Maximum. 

Miiiimutii. 

>ti)  in 
•lies. 

1902. 

1 

anuarv 

152 

142' 

207 

94 
102 

119 
101 

0,517 
0,  t)08 
0,210 

0.02 
.  02 
.02 

0.  02 

<?bniarv 

.02 

Un-h..' 

.02 

pril 

'l52 

¥ 

89 

5,  2iH) 

.01   1 

.01 

(ay 

1.415 

:58 

285 

17,524 

.04 

.05 

aiM* 

«5, 155 

31(> 

1,392 

82,vS.30 

.  20  j 

.22 

aly 

7,  (MO 

252 

2,  492 

153,227 

.37  1 

.43 

OgUMt 

2,375 

2iH) 

847 

52,  (»S0 

.  12 

.14 

^■I>teiiil>er 

7,040 

132 

1,392  1 

82,  s;;o 

.20 

22 

•eUilier 

7,780 

701 

2.203  1 

i;;9, 145 

.•'».»  . 

:^s 

'WinlK»r 

855 

470 

tU)l   1 

35,  IVA 

.09 

.10 

H?miiljer 

4140 
7,TS0  . 

:;i() 

402  : 

841   j 

1 

24, 7  IS 
012,749 

.VH>  I 

i 

.QTi 

Thoyeur ' 

\,VV^ 
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HALINE    KIVEB  NEAR  8ALIMA,  KAN8. 


[mlH 


The  station,  established  May  4,  18117,  is  located  at  a  bridge  4.5  mikfl 
northeast  of  Salina,  near  the  mouth  of  the  river.    The  rod  of  the  win 
gage  is  spiked  to  the  floor  of  the  bridge.     Bench  mark  No.  1  is  a  uO 
in  an  elm  tree  2  feet  in  diameter  on  the  north  side  of  the  river  and  6 
feet  west  of  the  bridge.     Its  elevation  is  22.90  feet  above  gage  datum. ' 
liench  mark  No.  2  is  six  nails  driven  into  a  16-in<*h  box -elder  treeoi 
the  noi'th  side  of  the  river  and  35  east  of  the  bridge.     Its  elevation  v 
22.1K)  feet  alK)ve  gage  datmii.     The  channel  is  straight  for  a  short 
distance  alK>ve  and  Inflow  the  station.     Both  ^lanks  are  high  and  not 
liable  to  overflow.     The  be<l  of  the  stream  is  sand  and  mud.    The 
observ^or  is  Charlev  Tressin. 


IHndutrtff  ntffumn'meiUM  of  .Saline.  Rhrr  ttrtir  Snliwfj  AVifM. 


I>atf. 


1902. 


HydrogniplM'r. 


January  «> \V.  ( i.  KuHHell. 

April:*) ' <lu 

May  11 1 do 

June  2 i do 

June  11 <lo 

July  2 i\o 

July  23 do 

Si»i>teni])er  IM) do 

()<'to]K*r  2 do 

NovondHT  2V» do 


Gage 
helKlil. 

Iiif^'haige. 

AW. 

S^mdjfit 

4.00 

»M 

:l:^0 

23 

3.20  1 

2i 

4.70 

m 

o.so 

33t5 

17.40 

2,017 

4.80 

i;u 

24.  50 

3,822 

21.  10  , 

2,^ 

«.  10 

231 

IhtUij  tjinfr  height f  iufftt,  of  Sdlim'  Itirrr  nnir  Siilinaf  Kaiu<. 


hny. 


I   .In II. 


\W2. 

1... 

:i.70 

:i.7o 

4... 

:i.9i> 

- 

1  21) 

(', 

4.(K) 

4.(N» 

s... 

l.lo 

«.». . . 

1.  10 

10.. 

4.  L»l» 

11.. 

l.OU 

l'-». . 

1.00 

i:t... 

4.  10 

14... 

l.M 

Vvh. 

Mar. 

Ai.r. 

Mhv. 

•Tiiih'. 

.Tuly. 

AUK. 

Sept. 

<K:t. 

Nov. 

IH-C. 

_..    . 

. 

_ 

... 



<") 

1.10 

:>.  TiO 

:{.  Ill 

:..  TO 

l.-...s«» 

:  «i.  10 

9.00 

24. 50 

7.20 

6.10 

"4.10 

1   :.ii 

ni..ll|l 

;i.  vj 

4.  f*) 

ls.2t) 

r,.r.o 

W.-'iO 

20.90 

7.20  , 

i;.io 

I") 

I  :'u 

%\^ 

ao 

1.  "Jii 

2«>.-1> 

5.20 

12.00 

10.  HO 

7.70 

liJO 

'•4.00 

U.JM) 

^fl.^l 

0,30 

4.:i«» 

2:i.:M» 

.-..00 

.H.OO 

15.30 

7.rt. 

.i.rt 

(") 

n.m 

:* 

m 

V».  10 

lt)..--> 

:..  ui 

7..'iO 

15.70 

7.20 

c;.i« 

«'  4. 00 

3,^ 

'A.VJ 

n.40 

12.00 

>.'.H» 

4.X4I 

Ci.  (» 

15.00 

l.W 

G.l? 

""J 

3.™ 

3.  CO 

:■  3;: 

l.'..so 

7. '.11 

4.70 

Tk  20 

It;.  10 

«i.9»» 

.5.7 

"4.10 

s.yo 

t\.40 

U^^ 

Ic'i.lNl 

ll..'.l» 

1.  t*l 

:».  90 

16.90 

G.70 

5.2> 

"4.10 

'JM 

n.u\ 

S.41* 

l;{.yii 

".».  :a) 

:").  70 

5.70 

1.5.00 

(I.  HO 

.S.? 

«■") 

a.  70 

a.:* 

H.3I 

S.40 

1(1.  10 

r>.  2i» 

.-..  .Vl 

11.60 

«.70 

.V"' 

"  4.  'JO 

xm 

1.40 

:ljii 

•i.su 

10..^J 

7.20 

:>. :«) 

10.70 

«;.  70 

.5..^ 

l«) 

3.»0 

a^a 

a. 

s.2»i 

7.40 

y.  .'K) 

5. 20 

10.00 

»i.tV0 

5.2 

"  4. 10 

;i.f4) 

n,50 

:4.3(^ 

7  :u» 

C.  CO 

ri.00 

r..oo 

9..H) 

6.70 

f..t5 

(") 

Xm 

^:k.i 

7.  20 

G.  CO 

7.  10 

o.OO 

10.70 

6. 70 

G.;f 

a  Frozoii. 
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IktUy  giige  height^  infeety  of  ScUirie  River  iiear  tSalinHj  Karm. — CV)Utinuwl. 


Day. 

Jan. 



4.00 
4.20 
4.20 
4.20 

Feb. 

_ 

n4.10 
0  4.20 

(«) 
0  4.20 

(«) 

(«) 

O3.90 

03.60 

Mar. 

Apr.    May. 

• 

Jiinu^ 

Jutj. 

Aug. 

Sept. 

4.90 
4.90 
4.90 
4.80 
4.80 
4.80 
4.70 
5.00 
1*2.00 
17.80 
17.50 
IK.  00 
19.60 
21.40 
23.40 
24.50 

<H-t. 

Nov. 

6.60 
6.60 
6.60 
«.40 
6,40 
6.40 
6.80 
6.30 
6.30 
6.30 
6.20 
6.30 
6.20 
6.20 
.6.10 
6.10 

l>e<'. 

1902. 

i.m 

3.40 

a,  10 

3.20 

a  lu 

3.10 
S.20 
3.50 
4.00 
4.00 
3.50 
7.20 

12JU 
12.50 
13.50 
14.40 
11.00 
a  40 
itw 

14. ,% 
12.70 
7.90 
7.  ha 

6.V0       6.20 
5.70       5.50 
^.40       5.00 
5.30       4.70 
b.m      5.20 
5. 10       5. 10 
4.80      5.30 
4,90  i    6.20 
4.80  1  10.00 
4,  SO     14. 40 
4.70     14.00 
4.90     15.40 
4.80     16.70 
4.90     17.00 
4.70     10.00 
7.50       7.50 
6.40       6.90 

15.20 
17.10 
16.00 
10.80 
9.60 
9.10 
8.70 
8.40 
8.  "20 
8.10 
7.90 
7.80 
7.70 
7.50 
7.40 
7.80 
7.20 

&25 

3.  W     S.  40 

3. 70     3,  50 

3.  m   a.  m 

3.  40     a.  40 
3.«)     Xm 
3.^     3.40 

w  m    st.fvo 

6. 2D 

6.80 

6.20 

4.90 
4.50 
4.00 
4.00 
4.00 
4.00 
4.10 

rt4.20 
(") 

«4.30 
(") 

(I  .J    (IQ 

5.90 

5.00 

5.80 

5.90 

3.80  1  3.50     3.40 

6.06 

I 

3.60 
3.60 

3.50 
!t.6n 

8.90 
S.90 
S.50 

5.95 

t 

5.90 

3.80     3.60 

7.M       6.80 
Ci,70|    6.80 

*).  70  1  13. 10 
7.  a)  .  13.70 
r.,H0  i 

6.10 

(.... 

3.90     3.60     3.40 

3.80     3.60     3.20 

.^.60  I  S..« 

6.35 

{ 

5.85 

) 

5.70 

) 



3.60     3.10 
3.60   

5.60 
5.65 

I 

a4.10 



1 

oFroE 

en. 

Rating  table  for  ScUiue  River  iiear  SaliiMj  Kantf.y  for  190^. 


heijfhl. 

Diitcrharge.  . 

Gage 
height. 

!  Diiwharge. 

hei^t.   1 

Dineharge.  i 

Gage 
height. 

'  Diwhargi-. 

1 

Ffft. 

!  Serond'/cei. 

Sectmd-Jett.  j 

t\d. 

\  iitcand-fcct. 

8.2 

28     , 

6.8 

320 

10.4 

796     \ 

14.0 

1, 370 

3.4 

:u    ' 

7.0 

'          340 

10.6 

824 

14.5 

1,460 

3.6 

41 

7.2 

j          364 

10.8 

852     1 

15.0 

1,550 

3.8 

50 

7.4 

388 

11.0 

880    ' 

15.5 

1       1,640 

4.0 

60 

7.6 

i           412 

11.2 

910     ' 

16.0 

1,730 

4.2 

70     1 

7.8 

!          436 

11.4 

940     j 

16.5 

1,820 

4.4 

80  : 

8.0 

1          460 

11.6 

970 

17.0 

,       1,910 

4.6 

100 

8.2 

488 

11.8 

1,000     ' 

17.5 

2,000     i 

4.8 

120     1 

8.4 

'           516 

12.0 

1,030     ' 

18.0 

'       2,  OW 

5.0 

140     ' 

8.6 

1           544 

12.  2 

l,0tU     , 

18.  5 

2, 180 

1         '            1 

5.2 

160 

8.8 

'          572 

12.4 

1,0^)8     1 

19.0 

2,  270 

5.4 

180 

9.0 

1          600 

12.6 

1,132 

19.  5 

1     2,:^    1 

5.6 

200 

9.2 

1          628 

i     12.8 

1,166     ' 

20.  0 

'       2, 450 

5.8 

220 

9.4 

1          656 

1     13.0 

1,200     1 

20.  5 

1      .,545    ' 

6.0 

240 

9.6 

j           684 

j     13. 2 

1,234     i 

21.0 

1       2,640 

6.2 

260 

9.8 

712 

1,268 

22.  0 

!       2,860 

6,4 

280     1 

10.0 

j          740 

1     13.6 

l,:i02 

23. 0 

3,170     1 

'     6.6 

300     , 

10.2 

768 

13.8 

1,336 

,     24.0 

3, 620 

1 

100  STREAM   MEA8UBEMENT8   IN   1902,  PART  IH. 

URPUBLK^AN   KIVER   AT  JUNCTION,    KAN8. 

The  gaging  station  at  this  point,  established  by  Arthur  P.  I 
April  26,  1895,  is  located  at  the  wagon  bridge  at  the  north  ei 
Washington  street  just  above  the  mouth  of  the  river.  The  gag< 
8ist«  of  two  oak  timbers  bolted  to  a  post  and  to  a  cottonwood 
One  bench  mark  consists  of  a  60-penny  spike  driven  into  the  bi 
the  abutment  of  the  l)ridge  at  an  elevation  of  10.67  feet  on  the 
the  second  bench  mark  is  the  top  of  a  stone  in  the  base  of  the  l 
abutment  18  feet  south  of  the  gage  and  at  an  elevation  of  14:.  5 
above  gage  datum.  The  right  bank  is  high,  but  the  left  is  low  anc 
overflow  at  high  water.  The  bed  of  the  stream  is  sandy  and  lia 
change. 

On  October  23, 11)00,  a  new  >)ench  mark  was  established,  at  an  < 
tion  of  12.35  feetal)ove  the  zero  of  the  ofd  gage.  It  is  a  spike  d 
in  the  west  side  of  a  cottonwood  tree  IS  inches  in  diameter  and  1 
west  of  the  bridge.  The  spike  is  about  2  feet  above  the  gr 
The  observer  is  J.  H.  Rathert. 

Dischartjr  iiifdHurenmitit  of  HepuHu^m  River  at  JniwlUmy  Karm. 
natr.  Hydnvraphor.  ,    y^^^^^     |  Diw 


1^)2.  >Vy-f. 

March  i:; W.  (r.  KusHell 4.  W 

April  2^^ do 'A.  (>5 

May  V.) do ". 5. 10 

June  5 do 4.  8() 

June  Ki do  o.  1() 

June  IT) do  4.  8() 

July  7 do 7.  5o 

July  S do 10.25 

.1  uly  1  ■> <lo rt.  (>5 

Sej)t<'in]H'r  27 <!«» S.  50 


KAK8AS    BIVEB  DBAINAOE   BASIN. 
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Daily  gage  heiglUy  injeeij  of  Smoky  IlUl  River  at  EHinvorth^  Kniui. 


Day. 

Jan. 

Feb. 

Mar. 

1.50 

1.40 

1.30 

1.20 

1.10 

1.10 

1.00 

1.00 

1.00 

.95 

.95 

.95 

.90 

.90 

.90 

til 

<■] 

85 

86 

'^ 

90 

J,  15 
l.OQ 

95 

" 

0.96 
.95 
.90 
.90 
.90 
.90 
.90 
.85 
.85 
.85 
.85 
.80 
.80 
.80 
.80 
.^f 

.m 

86 

IfHi 

80 

m 

80 

May. 

0,75 
.75 
.75 
.76 
.75 
.75 
.70 
.70 
.70 
.70 
.70 
.70 
.70 

.86 

.80 
.80 
.75 
.80 
.86 
.85 

2.20 
'i,00 

a.  06 

70 
1.50 
1.50 
1.50 
1.45  , 

June. 

1.30 
1.20 
1.20 
2.20 
1.70 
1.50 
1.30 
1.26 
1.20 
1.20 
1.15 
1.10 
3.00 
2.00 
1.70 
2.50 
2.30 
2.10 
2.10 
8.75 
5.50 
4.90 
6.00 
4.  .'SO 
3,80 
3.50 
3.20 
3.00 
5.40 
5.00 

July. 

5.20 
4.60 
4.30 
3.90 
3.40 
3.00 
2.80 
3.80 
3.40 
3.00 
6.70 
5.60 
5.00 
4.50 
3.50 
2.70 
2.50- 
2.20 
2.00 
1.90 
1.80 
1.^ 
1.70 
1.65 
3,00 
2.60 
2.40 
2. 20 
2.00 
3.40 
3. 20 

Aug. 

1 

2.90 
2.75 
2.60 
2.50 
2,30 
2.10 
2.00 
2.25 

...» 

1.95 
1.80 
1.80 
1.75 
2.20 
2.00 
1.80 
1.60 
1.40 
1.30 
1.25 
3.80 
6.50 
8.30 
12.00 
6.  .50 
5.00 
1.20 
3.  .-H) 
3.30 
3.10 
3.80 

3.00 
2.80 
2.70 
2.60 
2.40 
2.30 
2.20 
2.00 
1.90 
1.85 
1.80 
1,70 
..70 
1.65 
1.60 
1.60 
1..5.5 
1.50 
1.50 
1.50 
1.50 
1.65 
3.00 
12.60 
9.00 
7.80 
6. 20 
5. 20 
4.»K) 
3.  IK) 

Ort. 

S.60 
3.40 
3.60 
4.10 
4.20 
4.00 
3.80 
3.50 
3.30 
3.10 
'2.90 
2,70 
2.50 
2.80 
3.00 
2.60 
2.60 
2.50 
2.35 
2.30 
2.20 
2.20 
2. 15 
2.10 
2.00 
2.00 
2.00 
1.95 
1.90 
1.8.% 
1.85 

Nov. 

1.80 
1.85 
1.86 
1.80 
1.80 
1. 75 
1.70 
1.60 
1.6.. 
1.55 
1.50 
1.60 
1.65 
1.70 

l.tis 

1.65  , 
l.(>5, 
1.60 
1.60 

1.60 : 

1.55 

1.50 
1.50  , 
1.45 
1.40, 
1.35 
1.30 
1.25  1 
1.25 

1 

]»«•. 

1902. 

al.20 
al.20 
fll.20 
<il.20 

»   .90 
«    .90 
a    .90 
«    .90 
«    .90 
«    .90 
«    .90 
a    .90 
:*    .90 
n    .90 
a    .K5 
«    .86 

«  .85 

«   .85 

.85 

.85 

.85 

.80 

.80 

.80 

«   .80 

a. 80 

fl    .80 

rt    .80 

rt    .80 

•»    .80 

rt   .80 

a0.80 

a   .80 

n    .80 

a   .80 

a    .80 

n   .80 

'I    .80 

a    .80 

»   .85 

«    .85 

a   .«.-> 

a   .90 

«   .90 

«    .90 

a   .90 

1   .95 

«   .95 

«1.10 

al.20 

«1.20 

rtl.30 

"1.50 

1.10 

1.20 

1.20 

1.30 

1.50 

1.50 

1  25 

1.25 

1.20 

1.20 

1.20 

1.20 

1.20 

1.15 
1.15 

1.15 

1.15 

1.10 

1.10 

1.10 

1.20 

1.20 

1..D 

1.20 

i.:« 

1.40 
1.40 

1.30 

('«) 

(rt) 

1.40 

(") 

(♦n 

CM 

1") 

«K 

iver  frosen. 

Rating  taUefor  Smoky  Hill  Rit^  at  Elitnvifrth,  Kain^.^Jor  KfOJ. 


'A. 

DiM'harKe. 

d. 

Scctjnd'fect. 

.6 

9 

.8 

17 

.0 

25 

.2 

55 

.4 

85 

.6 

125 

.S 

175 

:.() 

2:^5 

•  •> 

310 

:.4 

395 

Gage 
height. 

l>i*4charKe. 

'      Feei. 

Secmtd-feeL 

2.6 

485 

2.8 

575 

3.0 

675 

3.2 

780 

3.4 

900 

'      3.6 

1,020 

3.8 

1,140 

4.0 

1,260 

i      ^.^' 

1,31K) 

1       4.4 

1,530 

Okko 
height. 


Fed. 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 


Diw'harKO. 

1,670 
1,810 
1,950 
2,ia5 
2,  2(50 
2,415 
2,570 
2,  725 
2,880 
3,035 


Onge 
height. 


Fnt. 
6.6 
6.8 
7.0 
8.0 
9.0 
10.0 
11.0 
12.0 


DifiK'harpt'. 


Sfi'trnd-ftri . 
3,  IIH) 
3,  345 

3,  500 

4,  275 

5,  a')0 
5,  825 
6,600 
7, 375 
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K'<thnalt'fl  nitnithti/  (Vixehtirije  nf  Jlripultliciui  Ji*nr  at  Jtnuiion^  Kail*. 
[Dm'MHKi'  i,U':\  2^,K-C  s^jur.ro  miles.] 


[NO.M. 


•     i>fs<'hHrsr«*  ill  s*t'r)inl-fiH't. 


Run-off. 


Month. 


1902. 

January iM5 

February 1 , 425 

March 1.4K() 

April 1,207 

May 7,  HOO 

June  . . . ; S,  400 

July 2:M00 

AugUHt 11,7(X) 

Septt»niV)er 10, 500 

OctolKT 5,150 

Noveinlx^r 7S7 

DecemlxT 2,  +43 

The  voar 2:^,100 


limum. 

Mt*aii. 

TotHl  in  HiTi'- 
f«'<'t. 

Hofond-fift 
per  stiiian* 
1       mile. 

Depth  in 
inoht-i. 

t 

(iOO 

710 

43,656 

o.a3 

o.m 

7:i5 

775 

43,  (Ml   , 

.a3 

.(tt 

570 

887 

54, 5:w 

.m 

.fti 

510 

<k54 

38,916 

.  o:? 

.«{ 

482 

2,  128 

1.30,846 

.08, 

.09 

l,2li0 

.{,  X\H 

198,625 

.13 

.15 

S40  1 

7.887 

484, 953 

.:^ 

.ii 

2fi0 

2,040 

125,804 

.08 

.119 

88 

l,(i4<i 

97,944 

.06 

.07 

427 

1,430 

88,296 

.06 

.07 

400 

4J1 

28.026 

.02 

.02 

220  1 

422 

25,tH4 

.02 

.02 

88 


1,867      l,3(i0,590 


.9S 


UKPrHLlCAN    ItlVKU    AM)    THK    MILL    RACK    NKAK    SUPERIOH,  NKHK. 

Tills  .station  was  cstahlisluHl  rlunc  2n,  iSiMI,  about  ono  mile  wost  of 
Suj)iM*ior,  Nobr.  'Vho  old  ^^lu^o  rod  was  lirst  placed  just  above  th(* 
lii^hway  bridtro,  which  is  itself  75  yards  above  the  dam  which  diverts 
water  into  the  mill  race. 

This  «rH*!:e  consists  of  an  oak  ])i( ci*  -J  })y  4  inches,  1()  f(»ct  lon*r.  The 
face*  is  inclined  80d(»<,^r(M\s  to  the  horizontal,  and  the  footmarksare  placed 
2  feet  apart  to  corresj)ond  to  this  inclinatioiL  The  rod  is  fastened  to 
cross-ties  which  are  liedded  in  thc^  bank  of  the  river.  The  kx'ation  if^ 
on  tlu*  outside  of  an  easy  IhmhI  in  th(»  ri\(M-.  The  bed  of  the  river  i> 
of  mud  and  sand.  The  top  of  the*  rim  of  the  u])stream  <*ylinder  of  tlu* 
north  pier  is  15.4:^  feet  abovi^  the  zero  of  the  ^^ii<^i\  Bem-h  mark  2'^^ 
the  standard  4-foot  iron  pi])e  of  tin*  Tnited  Stat«^s  (leolotrical  Surv<\v. 
Jt  is  s8  f(M't  north  of  the  uj)str(Mun  cylind(M'  of  th(»  north  pier  of  the 
brid^ifeanil  is  lo  f(»et  west  of  th<^  line  of  the  upstream  tru.ssof  the  bridiT*"- 
it  is  1  foot  inside  a  wir(*  fence  Th(»  top  of  the  [)i])e  is  4  indues  alM)ve 
the  ofround  and  the  elevation  is  4.SN  fe(^t  a])ove  t^at'-c*  datum. 

In  the  spring"  of  lsi»s  two  other  <i*a<^es  were  (Established.  The  liv^^ 
g'atre  was  j)laced  in  the  river  a  few  feet  uj>str(»am  from  the  crest  of  th** 
dam.  tlu*  'Aovo  Ix'in^-  at  the  samt^  elevation  as  the  crest.     The  second  *• 


intwELLj  KANSAS   RIVER    DRAINAGE   BASIN.  103 

in  the  mill  race,  which  is  crossed  by  a  wagon  bridge  about  60  yards 
below  its  head.  Discharge  measurements  of  the  river  are  made  from 
the  highway  bridge,  thus  determining  at  once  the  discharge  through 
the  mill  nu*e  and  from  the  dam.  The  discharge  from  the  mill  race  is 
measured  and  is  deducted  from  the  total  discharge  of  the  river  to  give 
the  amount  passing  over  the  dam.  The  bench  mark  for  this  river  gage 
is  liench  mark  No.  2  of  the  old  giige  des(Til>ed  above.  Its  elevation  is 
4.92  feet  above  the  datum  of  the  gage  at  the  dam.  The  gage  of  the 
mill  race  reads  2  feet  higher  than  that  of  the  river  gage,  so  that  its 
zero  is  0.(»2  feet  l>elow  the  same  bench  mark. 

It  Wiis  found,  however,  that  the  discharge  of  the  mill  race  was  reg- 
ulated more  or  less  by  the  nn'll  below,  so  that  there  was  no  relation 
whatever  l>et\ieen  the  gage  height  and  the  discharge.  To  remedy 
thi.-^  difficulty  the  olwerver  records  the  depth  of  water  in  midstream 
at  the  wagon  bridge  and  inunediately  thereafter  notes  niunber  of  sec- 
onds required  for  a  float  to  pass  over  a  oO-foot  range  in  midstream. 
The  ratios  of  the  time  to  the  depth  was  found  to  bear  a  constant  nAa 
tion  to  the  discharge. 

During  1809  (xlenn  E.  Smith  made  an  examitiation  of  a  portion  of 
the  upper  Kepublican  River.  On  September  T),  1899,  at  Oxford, 
^ehr.,  the  river  channel  was  dry  and  was  n^ported  to  have  heA\n  in 
this  condition  for  ten  days.  At  Orleans,  about  12  miles  below,  there 
was  an  estimated  discharge  of  0.3  second-foot — this  small  amount  com- 
ing from  Siippa  River,  which  enters  at  this  point. 

Di^harge  menmirenieittn  nf  RepuHii*tin  Hirer  vffir  Suju'rinr,  Xehr.'^ 

HytlntgTHphvr. 


Date. 


I 


1902. 

March  16 i  Frank Dob«on. 

Aprila J.C.  Stevens.. 

May  24 Frank  Dol)8on . 

July  8 J.C.  Stevens. . 

July  30 do 

August  12 (1( » 

^4>tember  19 ' <!<» 


DiNohnrgi'. 

Fret. 

S*'cmut-/*(:t. 

0.  75 

t\26 

.70 

o:« 

1.80 

1,499 

(^0 

12,494 

1.25 

1, 562 

.78 

558 

.8i) 

154 

rtThene  diflcharK<f«  Inolnrlv  that  flowing  in  th«'  mill  niro. 
b  Water  out  of  hunks  on  lioth  sulvs  and  ovor  top  of  tnn^v  nnl. 
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Di(n*hnrge  ineaxurejiirtUn  of  mill  rnce  iwar  Nw/xrior,  Xelnr,*^ 


Date. 


Hydn»>rrH]»lMT 


Dis-      I 
charge. 


I>aU>. 


Hydn>|frHplKT. 


15K)2.  '  S*T.-/eit. 

Man^h  16 Frank  Dolj«»ii ...         22 

April  5 J.  C\  Stevens 54 

Mav  24 Frank  DoVwon ....        :\b 


1902.         , 
July  30 '  J.  C.  Stevens., 


rhar) 


Auiriu^t  12 

September  19. 


do 

do 


nGuge  hcightn  ure  not  obson'vd.  hut  doptli  of  water  In  niicbitream  and  tbe  time  requirtnl  fur  u  r 
to  iiaw  over  a  .'iO-foot  range  in  raidstrc^am.  the  raticw  of  which  &nt  used  instead  of  gage  hoight«. 

Ihiily  ga{fe  height,  in  feet,  of  RepubHain  River  near  SuperUrr,  Neiir, 


Day. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

()Ct. 

- 

1 

— 





1 

1902. 

0.  HO  1 
.80  , 
.71 
.7:?i 
.70  , 
.70 
.62  i 
.  56 
.,V> 

::■ 

o..'i<> 
..% 
.70 
.46 

.4y 

.90 
1.02 
1.15 

.75 

1.10 
1.00 

i.a5 

l.»2 
.9.5  , 
1.95 
1.90 
1.92 
1.4S 
l.W) 
1.12 

1.98 
2.32 
2.05 
1.30 
2.40 

C*) 
i^) 

if.,      1 

3.50 
2.5.-. 

1.42 
1.20 
1.U5 
1.18 
.95 
.92 
.90 
.82 

.70 

.81 

0.70 
.68 
.(w5  ' 
.61 
.60 
.58 
.  52 
.;»» 
.45 
.42  ' 
.4s 

1.00 

*                                        1 

2                   

^ 

3          --- 

ia5 

4 

1.19 

1.S5 

1.00 

.98 

5 

6  ... 

7.... 

8 

{a) 

.90 

9 

0. 90 

K9 

10. 

sr» 

.82 

11.... 

so 

.M8 

12.... 

so 

.7S 

.  r.y 

1.00 

I.K8 

.70 

.40 

i.a-> 

13 

Xi) 

.so 
.  7s 

.95 
l.a-> 

1.92 
1.72 
1.  12 

.  (12 

.80 

.78 

.32 
.31 
.U) 

1.45 

14.   .. 

.x\ 

l.U^ 

Ih. . . . 

.7.-. 

.<■> 

16.... 

,  7.'» 

.  I'.'J 

.70 

.  s2 

i.:^o 

.♦,5 

.41 

.  S'J 

17.... 

.70 

.  fi-S 

.70 

.70 

1.15 

.<iO 

.:{2 

.'.19 

18.... 

.  ,sr» 

.  .1". 

.75 

.    5 

l.»W 

.    5 

.48 

.9».» 

19.... 

.so 

.  ':;•_• 

1 .  s'> 

l.:;.s 

l.H<l 

■'.2 

.34 

.91 

20. . . . 

fu 

.  70 

1 .  ••.'.» 

l.JO 

1.10 

.51 

.:i5 

.s:? 

21 .... 

r)0 

.  (W) 

i.r^i 

1.20 

1 .  05 

.rn) 

.40 

.7s 

22 

".'> 

.  (;:i 

1.42 
1.20 

l.:io 

l.os 

•  IK) 

1.0l> 
.  '.»2 
1.0-J 

.  52 

1..S5 
3. 60 
2.32 

.70 

23  . 

-^ 

71 

24.. 

.::. 

2.=>. . . . 

_ .  s 

.  ul 

1 .  .")••. 

.  SJ 

1 .  OS 

..'A» 

1.8(.» 

.70 

2ti.... 

.  •>» 

.  ■'»s 

1 .  V'n 

.  7() 

..'HJ 

1.78 

.73 

27.... 

.si 

.<;  1 

i.y.) 

.  <>>> 

:;  •'.■>  ' 

.i'>0 

1.3') 

.75  '■ 

2^.... 

.  '.'7 

.  .'x'» 

I.!-'. 

c... 

;'..  i»o  , 

.  5s 

1.10 

.7.T    '■ 

2y..  . 

-VJ 

.  .'»<; 

1 . 7:^ 

_  7.V 

1 .  tio 

.  59 

1 .  05 

.72 

'Mi.... 

.  s; 

•  VJ  , 

1.25 

1.10 

1.20  1 

(.7 

1.02 

.71  ' 

:i\. 

.M 

1.20 

1.70 

.  t^'l 

.  71  1 

"OhstTvatioiis  «lis<'(iininur«l  from  Jan.  1  to  Mar.  '.»  jiimI  <luriiiu  iMMenilwr  on  necouiit  < 
''  FI(kk1:  wHlcr  over  to|»  of  K»«Ke. 
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lifUing  table  far  RepuUiran  Rirrr  lurar  Stijterior^  Xehr.^for  190^." 
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beigS^t. 

!   I)i»c'h«ixe. 

height. 

DitM^haixe.  ' 

heighi. 

,   DiwImrKf. 

!                     j 

Gage 
heiKht. 

DiM'hanre. 

J\H. 

Stromi'/eti. 

Fret. 

Strond-/f*i. 

/w.. 

j  Set^mii/tti. 

F'it. 

SrcoHd-/eet 

0.1 

45 

1.0 

850 

1.9 

2,780     '' 

2.8 

6,  155 

2 

95 

1.1 

1.010     ! 

2.0 

i      3,075     Ii 

3,  m) 

2.9 

^\,  <)30 

.:i 

15() 

1.2 

1,190 

2.1 

3.0 

7,125 

.4 

215 

i.:>> 

1,390    ' 

2.2 

3,725     ■ 

3.1 

7,  650 

.  •'> 

2S5 

1.4 

1,610    , 

2.3 

4,080     l| 

3.2 

8,  195 

.») 

"     :ttiO 

1.5 

1,840 

2.4 

4,  455 

3. 3 

S,  7«M) 

7 

460 

l.« 

2,085 

2.5 

4,850 

3.4 

9,  :M5 

.s 

570 

1.7 

2,340    ; 

2.6 

,      5,265     ll 

3.5 

9,950 

.9 

690 

1.8 

2,505 

2.7 

'      5, 700 

3.6 

10,  575 

oThw  Uibl«  waM  applied  iiidiriM;tly  tu'conling  to  thv  incthtMl  oiitliiUHl  tm  |nik(*  -f^'i.  N'iii<*tt*4Mith 
Anniul  K(>{iort  Tuitwl  StHt4'fl  OeoIogicMl  Sun'ey.  Part  IV,  aiul  give*  tho  diMchargo  orvr  \hv  dam, 
cxfliMv»jof  that  flowing  in  the  mill  race. 

FMiintitrd  mont/dy  diwhfirge  of  Repuhlirttu  Rirer  nrnr  Suftfrior,  Xehr. 
[I>rainag('  arva.  '22,:447  sqiian*  inikoi.] 


Month. 


IHm^hargo  in  Wironil-feet. 


KunH»fT. 


Maximum.     Minimum. 


1902. 

Manh9to31 

April 740 

Mty 2,810 

June 3,2:i5 

July 12,490 

Aujfust 1,920 

SepU-mlH^r 10,875 

<H,!,or 1,995 

^'ovwiIkt 970 


:mo  ! 
;m  I 

320  I 
970  I 

:«o  ' 

155 
520  I 
4(>() 


Mean. 


675 
555 
269 
372 
080 
()74 
175 
9.S7 
622 


Total  in 

ll<Tt'-f0«'t. 


SiM'ond- 

feet  fKT        iH'ptli  in 

S4iuari'  iucht's. 

mik'. 


1, 

1, 

"  3, 


2t», 

7S, 
SI, 
1S9, 
41, 
69. 
•'>7, 
:^7. 


45:i 
020 
020 
640 

:m) 

440 
910 
610 
010 


0.  0.S 
.  02 
.(N> 

".  14 
.  O.S 
.  05 
.04 

.  o:j 


0.02 
.02 
.07 
.(»7 

".  16 
.  03 
.06 
.  05 

.  o;{ 


"  Kxdujtivt' of  four  days'  11«mm1  diMharvf. 


80IX)M()N    klVKH   AT    MLKS,    KANS. 


TIh*  station  at  Niles  was  estahlisluHl  Miiy  .'>,  isi>7,  and  is  located  at 
*  ^>ridj(o  oiio-half  mile  wost  of  i\w  town  and  7  miles  above  the  mouth 
^^  the  river.  The  hkI  of  the  wii*e  ^ag<*  is  s])ik<Hl  to  the  floor  of  the 
*^ri(ijro.  The  iKMich  mark  is  the  uj)pei-most  of  thr(M»  nails  driven  into 
^<'ottonw(K>d  tree  IS  inches  in  diamet(M\  on  {\uy  north  side  of  the  river 
^^1(1  25  feet  oast  of  the  })ridj«f<\  at  an  eh^vation  of  24. Im;  feet  alK)vejrji^o 
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[NO, 


datum.  The  channel  Is  straight  for  about  1(X)  feet  alwve  and  l)el 
the  section.  The  current  is  sluggish;  the  right  twink  is  high,  and  1 
left  bank  overflows  only  at  very  high  stages.  The  bed  of  the  strei 
is  muddy. 

The  o]>server  is  ,J.  J.  Little. 

l>i*<'harge  lufUitumtunU^  of  Sttlouum  R'nur  at  Sihn,  Knn*. 
Date.  HydrogranhtT. 

1902. 


Gage 
hei]<h(. 


Dijwliar 


I 


April  80 . . 
June  5  . . . 
June  26  . . 
July  3.... 
Ootolier  1 . 


4.50 

7. 20 

7.S0 

27.:iO 

.do 29.10 


W.  G.  Russell. 

do 

do 

do 


Ikiiiij  f/age  height^  in  feet,  of  StAomon  River  at  Xllen,  Kann. 


Day. 


1902. 


Jan. 


'   Feb.  ,  Mar. 


Apr.  ,  May.    Juno. 


1... 
2... 


I 


9. 
10. 
11. 
12. 
13. 
14. 
15.. 

17., 
IS.. 
19.. 
2<J.. 


«4.90 
I .'».  00 

if) 

CO 

("■( 

I  r>.  00 

(■".' 
I")    I 

•  4.90 

(")     ' 
15.00  I 


(a)      I 

«5.00 

(") 
•  5. 30 

(") 
1 5. 10 


Ml) 

•  5. 00 

(««) 
'  5.10 

("1 

(a) 
« 5. 20 

1") 

(") 
« 5.  40 


k'A)  m'.Mu 


2:r 

24. 


2.S. 
29. 
30. 


'  5. 00 

{") 

•  5.  '20 

(") 
'  5.  W 

('^.' 

•  5.  (H) 


5.  -lU 
•').  20 


(") 
5. 10 
5. 00 
4.20 
4.30 
4. -20 
5.  70 
5.  W 
5.  70 
5.  'A) 
5.:W) 
5.20 
5. 20 
5.  (K) 
4.W 
4.S() 

4.  .s(i 

5.  W 
J.  70 
J.  70 
4.  70 

4.  SI) 
5.00 
l.W 
i.W 

5.  (N» 
l.W 

4.  HO 

5.  (H) 
4.70 
1.80 


4.60 
5.50 
5.30 
5.20 
5. 10 
4.«K) 
4.  SO 
4.70 
4.00 
4.70 
4.90 
4.90 
4.  SO 
4.70 
4.90 
J.  90 
1.70 
4.W 
4.90 
4.  W 
4.  00 
4.70 
4.  SO 
1.70 
l.so 
4.>M> 
4.  HO 
4.  SO 
1.40 
4.  00 


4.(10 

4.  SO 
4.70 
i.70| 
4.tiO  I 
4..'iO  ' 
4.  00 

4.:m) 

4.50 

4.  no 

1.00 

1.70  , 

4.«0 

4.60 

l.ai 

1.70 

l.(iO 

Li]0 

4.20 

4.70 

4.  (Mi 

5.00 


;>.  SO 
7.  so 
7.  00 
7. 10 

il.:to 

1 HJO 
9.  10 

10.00 
S.40 


July.     Aug.  1  Sept.  ,   (Vt.     Nov.    D 


9.10 
7.70 
G.OO 
10.70 
7.00  I 

'••"I 

9.  SO 
10.00  I 
14.50  'j 
11.00  I 
10.40  ! 

9.40  '. 

S.  20  j 
12.40  I 

7.K(» 

7.40  I 

S.  SO   ' 
11. (HI 
12.  10 

s.  70 

12.  :m) 

14.«10 
12.10 

ii.:io 

9.  ."lO 
S.  10 
7.10 
7.00 
20.  (K) 
25. :U)  i 


I :.' 


20. 10 
27.  (H) 
27.30 
5.  SO 
21.70 

i7.r»o 
i:i.4o 

11. 3J 
17.  10 

2i.:io 

22. 10 
21.  U) 

20.  :m» 
10.s(» 
9.  2l> 

s.  so 
^.00 
7.  .'H» 

7.  :•.(» 
7.00 
Ji.  K) 
•J.  W 
0. 10 

0.  :{o 
•;.  t\o 
«;.  .')<» 
f.. :«) 
•;.  20 

0.  CO 
17.90 
•JO.  20 


14.50 
10.00  , 
10.00 

7.90 
7.70 

7.:w  ' 

7.00 

«.70, 

r».  70 

14.50  I 
14.00  I 
11.70  ' 

9.  .V.I 
10.30  i 
10.70 

S.70 

7.70 

7.  :u) 

7.  (K) 
0.  .'lO 
7.70 
S.(U} 
s.OO 
7.70 
S.OO 
7.  W 
s.  10 
10.  10 
s.  40 
7.  20 
s.i\>    . 


S.40  I 
9.00 
9.70  I 
9.10 
7.50  ' 
0.  Si> 
0.  40 
0.  fo 
O.SO  ' 
6.-20  , 
5.  SO 
5..'»0  ! 
5.  .V> 
5.  00 
5.  (H) 

5.  :a) 

5.  {'M 
5.  00 
5.  40 

5.  :u) 
5.:«) 

5.  40 
5.  30 
11.30 
IS.  20 
•>2.W 
•22.  70 
24.00 
25.  IH)  , 
27.  TK) 


29. 10 
2S.  50 
14.70 
13. 50 
13.90 
10. 90 
17.  W 
is.  10 
10.00 
11.20 
V2.-M) 
11.  :w 
14.:{t» 
17.:^ 

10.  SO 

10.  10 

1 1.  40 
12.20 
14.40 
10.  50 
10.3J> 
10.  W 

9.  SJ) 
9.  00 
9.rX) 
9.  M) 
9.  W 

9.:«> 

9. 10 
8.  SO 
S.  70 


s.70 

S.  (lit 

s.  so 
9.10 
.s.  0(1 
s.40 

s.  :io 

.S.  -211 
S.  -20 
S.llt 
•S  10 
S.  10 
s.  10 
s.lO 
S.IO 
S.lO 
7. so 
7.  .SO 
7.  SO 
7.  SO 
7.70 
7.70 
7.  (lO 
7.50 
7. 50 
7.50 
7.40 
7.40 
7.40 
7.40 


'«  Fro/fH. 


riLL.] 
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Hating  ttiNe  for  Soiomfm  Rirer  ai  AV/ri^,  A7i»iK.,/r>r  JS^^S. 


hrijfht. 

I»iNrhiiiX('.  , 
S*T*m4i-frt1. 

GaKC 
heiKnt. 

:   l>iM>liarg(*. 

i 

OaKO 
height. 

DiMhurKt'. 
1  StTomdftei. 

hoiKlit. 
Ft^i. 

niMhHixo. 

hit. 

/brf. 

/M. 

Srntful/fTl. 

4.0 

22 

7.4 

1 

470 

10.8 

1,285 

14.5 

2, 375 

4.2 

:w 

7.6 

512     ' 

11.0 

i,3:{7 

15.0 

2, 550 

4.4 

54 

7.8 

55(5 

11.2 

1,:W9 

1(5.0 

2,900 

4.  ft 

70 

8.0 

mo 

11.4 

1,441 

17.0 

3,  250 

4.S 

86 

8.2 

646 

11.6 

1,49.; 

18.0 

:i,  (>00 

5.0 

1            1<^-' 

8.4 

(»92     , 

11.8 

1,547 

19.0 

:i,  950 

').  "J 

122 

8.6 

1 

7:^ 

12.0 

1,(504 

20.  0 

4,:joo 

:>.4 

'           142 

8.8 

784 

12.2 

l,(i<U 

21.0 

4,r»50 

5.1) 

1H2 

9.0 

KiO 

12.4 

1,  722 

22.  0 

5,  000 

5.  S 

HI2 

9.2 

880 

12,6 

1,782 

23.  0 

5,  :^->o 

(1. 0 

222 

9.4 

9.*^ 

12.8 

1,841 

24.0 

5,  700 

♦5.  "J 

252 

9.6 

980 

13.0 

l,iK)0 

25.  0 

6,  050 

♦1.4 

282 

9.8 

,a'M) 

13.  2 

1,960 

2().  0 

ti,  400 

♦i.t; 

316 

10.0 

,080 

13.4 

2, 020 

27.  0 

6,  HOO 

(i.S 

i           :i52 

10.2 

,130     ' 

13. 6 

2,08() 

28.  0 

7,  220 

7.0 

390 

10.4 

,181 

13.8 

2,  140 

2*>.0 

7,  7:>0 

7.2 

1           430 

1 

10.6 

1 

i    . 

,2:^3 

14.0 

2,200 

M).  0 

s,;i(K) 

KitfhnfUed  mtmOdij  dMuirge  of  SoUmuni  River  at  Xiifn,  Kum. 
[Drainage  area,  6,M5  square  milcM.] 


I>iiicharKo  in  Mccond-fet't. 


Kuii-4inr. 


1902. 

uinary 

fbniary 

anh 

pril 

ay 

inc 

ily 

ugu«t 

^pteinlHT . . . 

HoUt 

'OvwuIht  . . . 
HfcemWr  ... 


Maximum. 

Minimum. 

152 

94 

142 

102 

207 

38 

•l52 

¥ 

'         1,415 

:^H 

li,  155 

316 

7,0*0 

252 

2, 375 

299 

7,040 

132 

7,780 

761 

855 

470 

4m) 

316 

TheN 


780 


38 


10() 

119 

101 

89 

285 

1,392 

2,  492 

847 

1 ,  :V.V2 

1,  2(»3 

<)()I 

402 

841 


Total  in 
u<T»*-f»*<'l.       So«'on« 

JHT   W 

mi 


6,517 

6,  ()()8 

6,210 

5,  29() 

17,524 

82,  8:{0 

153,227 

52,  OSO 

.s2,  h:;o 
i;;9, 145 

.'»5,  76-4 
24,718 

612,749 


liar*' 


ik'pth  in 
iiu'hos. 


».  02 

0.  02 

.02 

.02 

.02 

.02 

.01 

.01 

.04 

.a') 

.20 

.  22 

.  37 

.43 

.  12 

.14 

.20 

22 

.  ;53 

38 

.09 

.10 

.06 

.07 

.12 

l.(i8 

108 
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SALINE    KIVEK  NEAR  SALINA,  KANS. 


[XO.M. 


The  station,  established  May  4,  1897,  is  located  at  a  bridge  4.5  miles 
northeast  of  Salina,  near  the  mouth  of  the  river.  The  rod  of  the  wire 
gage  is  spiked  to  the  floor  of  the  bridge.  Bench  mark  No.  1  is  a  ntil 
in  an  elm  tree  2  feet  in  diameter  on  the  north  side  of  the  river  and  6 
feet  west  of  the  bridge.  Its  elevation  is  22.90  feet  above  gage  datum 
Bench  mark  No.  2  is  six  nails  driven  into  a  16-inch  box-elder  tree  on 
the  north  side  of  the  river  and  35  east  of  the  bridge.  Its  elevation  b 
22.90  feet  above  gage  datum.  The  channel  is  straight  for  a  short 
distance  alK)ve  and  below  the  station.  Both  banks  are  high  and  not 
liable  to  overflow.  The  bed  of  the  stream  is  sand  and  mud.  The 
observer  is  Charley  Tressin. 


Dixtchiinje  niecumrenieiUn  of  >ialine  Riv^r  near  Snihutj  Kaiu. 


ly&Ui. 


Hydrographor. 


1902. 


January  6 \V.  (i.  KusHell . 

April  30 1 do 

May  11 ' do 

June  2 ' do 

June  II , do 

July  2 <lo 

July  23 ' do 

Septeml)er  30 do 

Octolx»r  2 do 

Novend><»r  2V) do 


Ga^e 
height. 


FcfL 
4.00 

3.;w 

3.  20  I 

4.  70 
(>.80  ; 

17.40 

4.80     : 

24.  50  I 

21.  10  I 

(i.  10  I 


I>LHcbai9P. 
Srrtmd-frit 

22 

24 
lid 

2,017 

i:n 

3,822 

2,(jt>4 

231 


Ikiili/  (jttijr  hei(j}Uy  //t/rv/,  of  Salirw  Rircr  nnir  SnJinaj  Katus. 


Dny. 


I    Jan.      Feb.  i  Mar.    Ai»r.    MHy.'junt'.    July,  i  Aug.  ,  Sept.      (H't.    i  Nov.    Ih-v. 


1 ;i.70 

- ,  ^'■■» 

:i .S.80 

4 '  :i.90 

5 '  4.20 

f. !  4.W) 

7 '  4.(M) 

S I  4.1U 

y.. 1  4.  lU 

10 '  4.L»0 

11 j  4.00 

12 1  1.00 

i:? I  4. 1(1 

14 I  4.  JO 


(") 
'14.10 

(") 
"4.00 

(") 
<•  J.  00 

f") 

"4.10 
'•4.10 

(") 
<i  4.  20 

(«) 
"  1.10 

I") 


4.10 
4.:'jj 

3.70 

•Aim 


I 


"r 


3.1-0 

X  ID 

a.  Ml 


3. 4u 
SI.  lo 

4i\ 
■HI 

R.  4iJ 


.70  j 
A'A)  , 

.20 

I 
.*» 

I 
.  10 

.00 

.so 

i.  W 

.IK» 

.40 

..SO 

.  20 

30 

20 


].')..S0 

1  (1. 10 

IS.  20 

O.50 

20.  20 

.\20 

21).  ;io 

:..oo 

!(»..-,<. 

r).oo 

S.'.Ht 

4.80 

7.'.'0 

4.70 

li.:»o 

i.a> 

*».  .'•0 

:>.  70 

10. 10 

:\  20 

10.  .^) 

7.20 

7.40 

^J.  ;>o 

C.  ;.V.» 

r2.oo 

G.OO 

7.  10 

9.00 


1^.50  , 
12.00  i 
H.iiO  i 
T.fiO 

(1.20  ' 
.\90  ' 
5.70  ! 

r..5o  I 
:).30  ' 

r>.20  I 

.voo . 

A.OO  I 


24. 50 
20.90 
10.  W 
15. 3t) 
15.70 
15.00 

ir..  10 

16.90 
15.00 
11.60 
10.70 
10.00 
9.(50 
10.70 


7. 20 
7. 20 
7.70 
7.  (W 
7. 20 
7.W> 
('».  W 
C.  70 
ti.W 
6. 70 
(1. 70 
6.  CO 
(►.  70 
6. 70 


6.10 

6.0O 

5.70 
5.50 
IS.* 
5.  It 


«  Frozen. 
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Jkiily  ijiige  heigJU,  in  feet,  of  Saline  River  netir  ♦So/twa,  Karm, — ('ontinuwl. 


Day. 

J.n. 

4.00 
4.20 
4.20 
4.20 
4.30 
4.50 
4.00 
4.00 

Feb.  j  Mar. 

Apr. 

May. 

June. 

July. 

6.00 
5.70 
5.40 
5.30 
5.10 
5.10 
4.80 
4.90 
4.80 
4.80 
4.70 
4.90 
4.80 
4.90 
4.70 
7.50 
6.40 

Aug.  i 

1 

1902. 

«4.10 
a4.20 

(") 
n4.20 

8.60 

3.40 

8.10 
3.20 
3.20 
3.10 
8.10 
3.20 
8.50 
4.00 
4.00 
8.50 
7.20 
7.60 
6.70 
7.00 
9.70 
7.20 
5.80 

12. 10 

12,60 

13.60 

14.40 

11.00 

8.40 

14.90 

14.50 

12.70 

7.90 

7.50 

6.80 

6.30 

6.30 

13.10 

13.70 

6.20 

8.60     3.40 
3.70     3.50 
3.60     3.40 

5.50 
5.00 
4.70 
5.20 

(a)       3.40     3.40 

(n)     1  3.60     3.30 

n3.90  1  3.50  |  8.40 

aS.fiO  1  3.40     S.50 

1 

5.10  1 

5.30  1 

6.20  , 

4.00  '    3.80  1  3.50     3.40 
4.00  1    3.60  ;  3.50     8.80 
4.10  1    3.60  1  8.60  1  8.80 
ni.'M       3.80  '3.60     8.50 
(a)          S.90  i  S.fiO     3.40 

10.00 
14.40 
14.00 
15.10 
16.70 
17.00 
10.00 
7.50 
6.90 

14.30 

(") 
«  1  00 

3.H0  1  3.60  ;  3.20 

'  3.60  1  8.30 

3  go  i  4  in 

a  4. 10 

a  60 

'            i 

<)et.   I  Nov.    IHh'. 


4.90  I 
4.90, 
4.90 
4.80  ' 
4.80 
4.H0  I 
4.70 
5.00  ' 
12.00  I 
17.80 
17.50 
IX.  00  I 
19.60 
21.40 
23.40 
24.50 


15. 20 
17.10 
16.00 
10.80 
9.60 
9.10 
K.70 
8.40 
8.20 
8.10 
7.90 
7.80 
7.70 
7.50 
7.40 
7.30 
7.20 


6.60 

6.60 
!  6.60 

6.40 
i  6.40 
I  6.40 
;  6.30 
I  6.30 

6.30 
'  6.30 
I  6.20 
i  6.30 
i  6.20 

6.20 
i  -6. 10 

I  6.10 

I 


&25 
6.20 
6.30 
6.20 
5.90 
5.60 
5.80 
5.90 
6.05 
5.95 
5.90 
6.10 
6.35 
5.85 
5.70 
5.60 
5.65 


aVroxo.n. 


Ratiruj  table  for  Saline  River  iieAir  Salimiy  Aow^.,  for  J90i. 


iKight. 

Discharge. 

_    _        ll 

Gage 
height. 

'  Discharge.  | 

hSgSt. 

Di«-haTge.  ,' 

11 

Gage 
height. 

DitKrhargi*. 

h\d. 

Saymfl/fet. 

/W<. 

i  Second/eet. 

Fed. 

Srctmd/ett.    , 

/Vrf. 

Stamd'/cct. 

XI 

28     , 

6.8 

320 

10.4 

796    ii 

14.0 

1,370 

\\A 

M 

7.0 

'           340     1 

10.6 

824     •' 

14.5 

1,460 

:i.6 

**^     1 

7.2 

f          364 

10.8 

852    i' 

15.0 

1,550 

3.8 

50 

7.4 

:«8    ' 

11.0 

880     '' 

15.5 

1,<)40 

4.0 

60    ' 

7.6 

412     ! 

11.2 

910     'I 

16.0 

l,7'M) 

4.2 

70 

7.8 

4;^6 

11.4 

940     || 

16.5 

1,820 

4.4 

80 

8.0 

460 

11.6 

970     ' 

17.0 

1,910 

4.t> 

100 
120     1 

8.2 

1           488 

11.8 

1,000     , 

17.5 

2,000 

4.8 

8.4 

;           516 

12.0 

1, 030 

18.0 

2, 090 

5.0 

140    ' 

8.6 

1           544 

12.2 

1,064     ' 

18.5 

;      -^  IHO 

o.U 

160    , 

8.8 

!          572 

12.4 

1,09S     1 

li).0 

2,  270 

5.4 

180     1 

9.0 

1           600 

12.6 

1, 132     ^, 

111.5 

1       2, 360 

5.« 

200 

9.2 

1           628 

j     12. 8 

1,166     , 

20.  0 

;       1>,450 

5.8 

220 

9.4 

1          656 

!     13.0 

1,200     ' 

20.  5 

2,545 

6.0 

240     1 

9.6 

\          684 

'     13. 2 

i,2;u    . 

21.0 

1       2,640 

6.2 

280     ' 

9.8 

712 

'     13.4 

1.268 

22.  0 

!       2. 860 

6.4 

280 

10.0 

'           740 

'     13.6 

1,302     , 

23.  0 

1       3,170 

6.6 

:i00 

10.2 

'           768 

1      IXH 

1,336     ,, 

24.0 

3,620 
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FM'nntitejl  mouUdy  dMutnje.  of  Saline  River  uenr  Sidinn,  Katuf. 
(DraiimKi'  tircH.  3.311  H|imn.'  inilcM.) 


Month. 


I 


DiMcliaixe  in  HCiiMul-ffol. 


RlHH.ff. 


1902. 
January  

Febrnan- 

Mart'h 

April 

May 

June 

July 

AugUHt 

SeptenilK»r 

October , 

Nc)venil>er 

Deceml>er , 

The  vear  . 


ciniuin. 

Minimum. 

Miiin. 

ToUil  in 
1    aiTc-feot. 

1 

'  SotMHUl-flft 

iwr  s<iiiare 
mile. 

W 

45 

♦>4 

8,  9.85 

(I.0I9 

70 

41 

HO 

8,  :{.82 

.018 

75 

M 

45 

2,  7«7 

.014 

-*1| 

25 

;i5 

2, 08:^ 

.011 

rt98  1 

25 

112 

<i,88H 

.0.84 

1,892 

70 

792 

47,127 

.  289 

2,507  . 

110 

(i21 

88, 184 

.188 

1,910 

1(H) 

512 

81,482 

.155 

8,920 

110 

874 

52,007 

,264 

a,  920 

8H4 

1,089 

«>«,  960 

.829 

424 

250 

m5 

18,159 

.(»92 

275 

190  ■ 

2;u 

14, 888 

1 

.071 

8,920 

25 

895 

287,  810 

.120 

SMOKY    HHJ.   KIVKK   AT    KT.LSWOKTH,  KANS. 

The  K^^'ing  station,  pstal)lislHHl  April  17,  1S1C>,  i.s  located  a 
higliway  bridge  on  Douglass  aveniu*.  Ellsworth,  Kans.  Tiie  gii 
an  inclined  ash  timber  spiked  to  a  post  driven  in  the  bed  of  tin* 
and  bolted  to  an  iron  post  on  the  bridg(»  pier.  The  bench  mart 
nail  driven  into  the  base  of  a  larg**  box-eldei*  tn^e  near  the*  sout 
comer  of  the  bridge,  IMI  fe(»t  from  the  gage,  and  its  elevation  is 
feet  above  the  zero  of  the  gage.  A  slope  gage  is  spiked  to  th 
Louis  and  San  Francisco  Railroad  bridge  2,yM)  feet  upstream,  a 
referred  to  the  same  datum.  The  channel  is  nearly  stmight  abov< 
below  the  gage,  and  the  bed  is  sandy  and  shifting.  The  ol)ser\ 
Thomas  Coyne. 

])isr}nir[li'  inniHurenirntH  nj  Smftki/  Jll/f  llirrr  ill  K//.strnr(h,   Knn.«. 


H\<ln)k'nt|»lirr. 


1902. 


I 


March  27 W.  <  J.  Kussrll  . . 

June  28 «lo 

.June  24 <lo 

Au^nist  IS <lu 

Aujrust  28 (\n 


Di- 

Ffff. 

Stty 

l.(K) 

t\  20 

4.  50 

1.40 

8.50 

CVELL.] 
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IkUly  fjiige  height,  in/eet^  of  Smoky  HiU  Nicer  at  Elhsu^rth,  Kam. 


Day. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June.  July. 

Aug. 

Sept. 

(Kt. 

Nov. 

!>«•. 

1«2. 

L 

al.20 

a0.80 

1.50 

0.96 

0.75 

1.30  '  5.20 

2.90 

3.00 

3.60 

1.80 

1.25 

2 

«1.20 

a   .80 

1.40 

.95 

.76 

1.20  ,  4.60 

2.75 

1    2.80 

3.40 

1.85 

1.25 

J 

al.20 

«   .80 

1.30 

.90 

.75 

1.20     4.30 

2.60 

2.70 

3.60 

1.85 

1.20 

1 

«1.20 

a   .80 

1.20 

.90 

.76 

2.20  '  3.90 

2.50 

1    2.60 

4.10 

1.80 

1.20 

S 

«    .90 

«    .80 

1.10 

.90 

.75 

1.70     3.40 

2.30 

2.40 

4.20 

1.80 

1.20 

5 

«    .90 
n    .90 

«    .80 
c.    .80 

1.10 
1.00 

.90 
.90 

.75 
.70 

\.H)     3.00 
1.30     2.80 

2.10 
2.00 

2.30 
I    2.20 

4.00 
3.80 

1.75 
1.70 

1  20 

'i 

1.20 

) 

«    .90    a    .80 

1.00 

.85 

.70 

1.'28     3.80 

2.25 

1    2.00 

3.50 

1.60 

1.16 

) 

a    .  90    «   .8.5 

1.00 

.85 

.70 

1.20     3.40 

2.20 

1    1.90 

3.30 

1.60 

1.15 

\ 

«    .90 

«    .85 

.95 

.85 

.70 

1.20     3.00 

1.95 

1.86 

3.10 

1.55 

1.15 

fl    .90 

a    .85 

.95 

.85 

.70 

1.15 ;  «.70 

1.80 

1.80 

'2.90 

1.50 

1.15 

a    .90 

a    .90 

.95 

.80 

.70 

1.10     5.60 

1.80 

1.70 

2.70 

l.tH) 

1.10 

»   .90 

«    .90 

.90 

.80 

.70 

3.00     5.00 

1.75  1     1.70 

2.50 

i.(y> 

1.10 

«   .90    «    .90 

.90 

.80 

.85 

2. 00     4. 50 

2.20 

l.(V5 

'2.80 

1.70 

1.10 



a    .85    a   .90 

.90 

.80 

.80 

1.70     3.50 

2.00 

1.60 

3.00 

1.115 

1.'20 

n    .86    «   .95 

W 

m 

.80 

2,50     2.70 

1.80 

\.m 

2.60 

1.65  . 

l.'JO 

;_ 

«   .85    •«    .95 

H5 

m 

.75 

2.30     2.50- 

1.60 

1.55 

'2.60 

1. 65  , 

l.-.O 

a   .85    rtl.lO 

HTi 

m 

.80 

2.10     2. '20 

1.40 

1.50 

'2.50 

1.60 

1.-20 

.85    nl.20 

^ 

♦  SO 

.85' 

2.10     2.00 

1.30 

1.50 

2.35 

1.<X) 

l.:iO 

.85    «1.20 

85 

75 

.85 

8.75     1.90 

l.i5 

IJiQ 

•2.30 

1.60  , 

1.40 

.86    «1.30 

W 

7.1 

\.m 

5.50     1.80 

3.80 

1..50 

2.20 

1.55 

1.^0 

.80    ol.SO 

90 

.^J 

2. 'JO 

4.90     1.80 

6.50 

1.05 

2. -20 

1.55 

i.:w 

... 

.80  ;    1.10 

W 

.¥£^ 

2.^ 

6.00     1.70 

8.30 

3.00 

•2.15 

1.50 

1") 

.80       1.20 

^ 

.fl^ 

%.m 

4.50     l.r»5 

12.00 

12.60 

•2.10 

X.HS  , 

(") 

«   .80       1.20 

^ 

.NO 

r» 

3.80     3.00 

6.50 

9.00 

2.00 

1.45 

1.40 

a    .80  1     1.30 

^J.  l.'i 

.80 

X0& 

3.50     2.60 

5.00 

7.80 

•2.00 

1.40 

(".» 

a    .80  '     1..W 

1.00 

80 

1.70 

3.20     2.40 

1.20 

6.20 

•2.00 

i.;^5' 

(") 

a    .80       1.50 

LW 

,Mi) 

1.50 

3.00     2.20 

3.50 

5. 20 

1.95 

1.30 

CO 

a    .80    

««    .HO    

fl    .80    

95 
9A 

BO 

1.50 
1.50 
1.45  1 

5.40     2.00 
5.00  ;  3.40 

1  3.2») 

1 

3.30 
3.10 
3.80 

4.60 
3.90 

1.90 
1.8.5 
1.85 

1.-25  1 
1.'25  ! 

(1) 

('<) 

(") 

'« River  froxeii. 

RatiiKj  lalAefor  Snwky  Hill  River  at  Elhuxtrth,  k'ann.,for  1(H) J 


hirih^u 

Dim-harge. 

Gage 
height. 

l)I?»oharge. 

Frtt 

Secottd-fcrt. 

Feet. 

Sewttd-/eeL 

(U 

9 

2.6 

485 

0.8 

17 

2.8 

575 

1.0 

25 

3.0 

675 

1.2 

55     ' 

3.2 

780 

1.4 

85   ; 

3.4 

900 

1.6 

125 

3.6 

1,020 

1.8 

175 

3.8 

1,140 

10 

235 

4.0 

1,260 

2. 2 

310 

4.2 

1,390 

2.4 

395     1 

4.4 

1,530 

Gage 
height. 

Fed. 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 


l)i«"harge. 

Sccand-fftf. 
1,670 
1,810 
1,950 

2,  ia5 

2,260 
2,  415 
2, 570 
2,  725 
2,880 
3,035 


^^     ,  Di^'harK.. 


Fat. 

1  S*nmd-/trt. 

6.6 

1       3,  VM) 

6.8 

3,  ;^5 

7.0 

1       3, 500 

s.o 

1       4, 275 

9.0 

5, 050 

10.0 

'       5, 825 

11.0 

6,60() 

12.0 

;      7,375 
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hlKtimnU'd  monthhj  tlij*rhnrf;i'  of  Sntok't/  liiU  Hirer  at  Ktlmitnihy 
[Dmiiiii^i'  aitrn,  T.liHO  Miimn'  inil<>N.  ] 


A'attf. 


DlwhnrK*'  in  HiM'ond-fet't. 


Uuin)!!. 


Month. 


1^K)2. 

Jaiumry 

Febniary 

Man!h 

April 

May 

Juii<» 

July 

AiijriiHt 

Septeinln^r 

,  ()ft<»lx*r 

NovenilHT 

Dei'emlHT 

T\\v  veur 


Maximiiin.      Mininuiiu.  ;     Mi>nu. 


'  Total  ill  niTc- , 

feet.  Sti-ond-fwt 

per  muan* 
inilc. 


55 
100 

7(H) 
4,  >^yiS 
\\,  2<i7 

7,  :^7r> 

7,  «40 

i,;i<M) 

187 
So 

7,  H40 


17 
17 

n) 

15 

18 ; 

40 

137  1 
(i2  ' 

100  I 
1S7  I 

iV> 

40 

18 


24  I 

I 

;w 

89  I 

IS  i 
S7  1 
S21 

s<n 

1,021 

i,o;i-{ 

5SS 
125 
(>4 


\hv 


1,475 

2,110 

2,  898 

1.071 

5,  M^ 

4S,  a58 

54,  785 

()2,  779 

01,468 

:i6, 155 

7,488 

8, 9:^ 


\m\  ,      287,810 


0.  oa8 

.IK)5 
.005 
.  (K)2 
.011 
.  108 
.112 
.128 
.130 
.074 
.  OUJ 
.008 

.050 


MiHrt-lhint  inis  nn  osiiri'mrnls  In  Kdnyos  liirrr  iltninttf/f  htfsin  in  \t'hnisk'(i. 
(M.ul.-l.y  .1.  c.  st..v.-ii,s.  H.  K.  K..rJ«N.  H.  o.  Smith.  Frank  DoUsoii.] 


Cn-tf 


<1( 


I)fit<-.  StrraiM.  I^K'Mllty. 

V.HYJ. 

April  .'> HIuc  lvi\t'r Seward 

April  IS .In 

Do .In 

.S'ptt'inlu'r  P) tin 

July  2 Crnnkf.l  (Ycrk 

June  10 ( '<'nt«T  CnM-k 

Do (I,. 

A]>ril  2'> Frciiclnnaii  Ki\»*i- ( 'ullM'itsnii 

June  18 .].> ImhUts 

Scptomhcr  IS d     CnllHTtsoii 

June  10 L<»st  Crrck Src.  10.  T.  1.  K.  15  W 

April  2.') Kcpublir^iii (ullKTtsnn 

April  20 «ln Ives 

Do «lo Strattnii 

Do .lo llai^lrr 

April  27 tlo Oxtonl 


\\'}iiion' 

S(v.  1,T.  1,K.  11  \V. 
S.M-.  :;«i.T.  2,  K.  15  W 
S,v.  7,T.  1.  K.  15  W. 
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^Rtcelliinemuf  ineojsuranenis  in  Kansas  River  drainage  Umn  in  Nelyraskn — Contiiiue<l. 


Date. 


Stream. 


Locality. 


Dis- 
charge. 


1902. 
April  27 !  Republican McCook  . 

June  10 do Franklin 

June  12 do Benklemaii . 

September  17 ' do Oxford  . 

Do do ^IcCook 

Do do j  Benkleman  . 

September  18 do Culbertson  . 

June  12 '  Republican,  Soutb  Fork. . . '  State  Line  . . 

Septemlier  17 do Benkleman  . 

April26 Rock  Creek '  Ives 


nc.'/cct. 

1.37 
743 

:i5 

37 

29 

45 

41 

32.8 

31.6 
9.9 


rt  FUmkI. 


ARKAN8A8   RIVER   DRAIXA(;K   RASIX. 

The  Arkanh$a.s  River  rises  in  the  central  part  of  Colorado,  flows  south 
for  alx>ut  70  miles,  then  east  for  50  miles,  increased  l)v  many  small 
mountain  streams.  At  Canyon,  Colo.,  it  emerges  from  the  Kocky 
Mountain  front  and  takes  a  general  easterly  direction  a<*ross  the  great 
plains  of  Colorado,  where  most  of  the  water  is  diverted  for  irrigation. 
It  flows  east  across  Kansas  to  the  center  of  the  State,  thence  south- 
east through  Indian  Territory  and  Arkansas  into  the  Mississippi  River, 
about  25  miles  north  of  Greenville,  Miss.  Throughout  the  mountain- 
ousarea  above  Canyon  the  discharge  increases,  but  as  soon  as  the  river 
emerges  onto  the  (Jreat  Plains  the  water  is  gradually  diverted  by  lines 
of  canals,  so  that  by  the  time  the  Kansas  line  is  reached  the  river  is 
Usually  dry  during  the  summer.  Among  its  tributjiries  the  Neosho 
(called  the  Grand  in  Indian  Territory)  and  the  Verdigris  rivers  drain 
southeastern  Kansas  and  flow  south  in  nearly  parallel  courses,  joining 
the  Arkansas  about  3  riiiles  apart,  west  of  Tahlequah,  Ind.  T.  The 
Walnut  River  is  a  small  tributary  from  the  north,  flowing  into  the 
Arkansas  at  Arkansas  City ,  Kans.  The  north  fork  of  the  Canadian 
fiiver  rises  in  the  northeastern  part  of  New  Mexico,  and  flows  east 
through  Oklahoma  and  Indian  Territory  into  the  Canadian  River 
ahout  40  miles  above  its  mouth.  The  following  is  a  list  of  the  stations 
in  the  Arkansas  River  drainage  basin: 

Canadian  River  (North  ForR)  near  Klreiio,  Okla. 
Neosbo  River  at  lola,  Kans. 
Venligris  River  near  Liberty,  Kann. 
Walnut  River  at  Arkansas  City,  KanH. 
Arkansat)  River  at  Arkansas  City,  Kans. 

IRR  84-03 8 
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iWiM. 


Arkansas  River  ut  Hiitc*liin8<m,  Kaii^. 
Arkansas  River  at  Dcxlge  City,  Kaus. 
Arkansas  River  at  Syracuse,  Kans. 
Arkansas  River  at  Barton,  Colo. 
Arkansas  River  iu»ar  Rockyfonl,  Colo. 
Arkansas  River  near  NeiK^ta,  Colo. 
Arkansas  River  at  Pueblo,  Colo. 
Arkansas  River  near  Canyon,  Colo. 
Arkansas  River  at  Salida,  Colo. 

CANADIAN    RIVER  (nORTU   I'X>RK)  NEAR   ELRKNO,  OKIJl. 

This  sUtioii  was  esta])lishe(l  ()ctol)er  27,  1902,  by  W.  G.  Riwscll, 
and  is  located  at  tlie  lii^hway  hridj^o,  2  iiiileH  north  of  Elrono,  Okla. 
The  gage  is  of  the  usual  wire  tvjM\  with  a  scale  Inwird  graduated  to 
feet  and  tenths,  and  nailed  to  tli(*  niiling  of  the  bridge.  The  bench 
mark  is  the  top  of  a  steel  cylinder  on  the  north  side  of  the  bridge. 
Its  elevation  is  11.8  feet  alK)ve  the  zero  of  the  gage.  The  initial  point 
for  sounding  is  on  the  right  liank.  The  channel  ]H>thal>ovc  and  below 
the  station  is  sti-aight  for  alK)ut  200  feet;  the  right  bank  is  high  and 
the  left  bank  is  low;  both  banks  are  liable  to  overflow.  The  bed  of 
the  stream  is  sandy,  and  somewhat  shifting.  The  observer  is  G.  G. 
Sudermann,  who  reads  th**.  gage  once  daily. 

The  following  discharge  measurement  ^vas  made  in  VM)2: 
()rt4>)»er  L'T:  (Jage  lui-iht,  LM.H)fe't:  tliHcharjre,  23  wirond-feet. 

Ihliif  (ffnjr  hrifjhf,  iufnt,  nf  ('hiukIhiii  Rim-  {Xitrtli  lutrk),  near  Kirrnn,  Okh. 


l)«r. 


th't. 


Nov. 


I)«M-. 


hay. 


11K)2.  VMYJ.    I 

1 2.00  I  2.  ()()  12  ..J. 

2 2.20  2.50  '  1.1  ...I. 

;j 2.  10  I  2.40  '  14  ...L 


8  .. 

y  .. 
10  .. 
11 .. 


2.  10  I  2.40  I  1.') 


2.  10 
2.  10 
2.  10 
2.  10 
2.  10 
2.  10 
2.10 


2.40 
2.  50 
2.  ">0 
2.  50 
2.  50 
2.  50 
2.  50 


H5 
17 
IS 
10 
20 
21 


I 


2.  10 

2.  ;iO 

2.  20 
2.  20 
2.  20 
2.  'M) 
2.  IK) 
2.  :io 
2.  30 
;j.  45 
2.  SO 


Dim 


2.  50 
2.  50 
2.  HO 
2.  80 
2.  70 
2.  70 
2.  70 
2.  (>0 
2.  00 
2.  00 
2.  <;0 


l»ay. 

1902. 

23  . . . 

24  . . . 

25  ... 
20  . . . 


Oct. 


,28... 
,20... 
I  30... 
I  31 


■"I 


2.00 
2.00 
2.00 
2.00 
2.00 


I 


2.  50 
3.00 
2.80 
2.00 
2.  50 
2.50 
2. 50 
2.  50 


iKf. 


2.  HO 
2.  HO 
2.70 
2.«0 
2.80 
2.80 
2.40 
I  2.40 


iriLL.] 
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NEOSHO   RIVER  AT   lOLA,  KANS. 

The  station  wa.s  established  in^July,  1895,  and  is  located  at  the  high- 
ay  bridjife  1  uiile  west  of  the  city  of  Tola,  Kans.  The  gage  in  fas- 
5ned  to  the  head  gates  of  the  flume  about  90  feet  alwve  the  bridge. 
*hc  bench  mark  is  the  heads  of  three  large  nails  driven  into  the  cross- 
iet-e  of  the  flume,  and  is  13.30  feet  above  the  datum  of  the  gage. 

The  ol)server  is  Thomas  J.  Staley. 

The  following  discharge  measurements  were  made  by  W.  G.  Russell 
uring  1902: 

April  26:  Gage  height,  3.00  feet;  dischai^,  512  seeoiid-feet. 
May  29:  Gage  height,  12.00  feet;  discharge,  15,216  sei'onti-fett. 
June  19:  Gage  height,  4.50  feet;  discharge,  1,312  secoiid-feet. 
July  2i>:  (iage  height,  7.70  feet;  discharge,  6,995  second-feet. 
August  25:  Gage  height,  16.50  feet;  discharge,  25,246  second-fet^t. 

Daily  gage  heighij  in  fedf  of  Neosho  River  at  io/a,  Kaim. 


Dv. 

Jail. 

Feb. 

M&r, 

AjlT. 

M»y. 

June. 

_ 

July. 

Aliif. 

l*tt.     Nov. 

Ik^V 

HKL 

*,..,„..„,„„^. 

a.cw 

2,70 

3.1fi 

2.90 

I.DQ 

H.€0 

4.[i0 

fit  15 

n.m 

I.lt'^  1  3.35 

3. 00 

^.00 

2.70 

4.00 

2.90 

3.50 

7,TB 

4.ri0 

1.25 

12.10' 

4,00    3.:jo 

3.05 

2,10 

2,70 

3.  SO 

2,90 

».M 

ii.  7^1 

4,W 

3.00 

10.50 

4. ,50     3.35 

4.a5 

_.^ ^ _l 

:e.^' 

t.7fi 

3.0W 

2.90 

;i,30 

fl.fiO 

4.M 

£.13 

6,25 

10.00     3.SU 

.■v.  70 

i.80 

2.70 

a.  00 

2,90 

:t.30 

IJvOO 

4.50 

2.M) 

i».2:'l 

14.25     :i,15 

4,50 

U.30 

'i7P 

3.0U 

2.90 

6.10 

15.2.'> 

4,  SO 

2.(15 

(J,  15 

11.75  '  3,0U 

».96 

_+..,.,,. .^, 

2.60 

2-70 

3.00 

2,l» 

5.2S 

16.75 

4.  no 

2.liO 

7.35 

11.75     3,00 

3.  no 

-"■' ---r *-  -i 

n.sa 

2.70 

3.0O 

■i.K5 

:i.'j(i 

17.90 

5.Q0 

2.50 

H.  10 

10.75     ».U0 

3,(15 

2.50 

2,70 

^M» 

2.  BO 

3.00 

17.90 

r>.oo 

2.40 

ti.75 

ti.7S  1  a.  00 

3.50 

■2.im 

V.N) 

±m 

2.70 
±90 

3^^ 

2.W 
3.  DO 

2,»« 
2.  HO 
2,«J 

3.00 
2,90 

2.m 

:3D.50 
1^50 

5,00 
4.70 
4.70 

2.40 
2.40 
2.40 

,-.90 
5.25 
4,40 

d.(»5     LI.OO 

«,jo  1  :ititi 
11.20  .  :l^n} 

3.50 

3.^ 

3,150 

2.^ 

2.N) 

2.m 

2.80 

±m 

3.00 
XOO 
S.00 

S.IO 

2.M 
2.  to 

2.«0 
2.A0 

2.J» 
2.1« 
2.fiW 

2,«0 
2.  MO 
2.«0 
4.25 

5.2W 

5.55 
5.00 
5.00 
5.00 
5.00 

4,?yj 

4.  .TO 
4..'iO 
4.25 
4.00 
1.00 
4.00 

2.40 
2.40 
2.90 
2.90 
2.  SO 
2.fi0 

s..>o 

3.10 
^40 
B.4(» 
3»0i* 
3,00 

5,«J  '  3.00 
5,40  1  n.W 
5.^1     5.(V 
5,20  !  4.,^ 
5.50  ,  4.3U 

5.50  i  i.ao 

3.50 

;i.iio 

4,50 

4.0.5 

3.H5 

3.90 

li.TiO 
SE.60 

S.O0 
S.OD 

2.7W 

2.A0 

4.25 
3.25 

4.50 
H.£0 

4.W 
Ik  00 

3,00 
5.  H5 

3.10 

3.ao 

5,20  '   1.20 
5.40     4.20 

4.00 

7,25 

2.00 
2.70 

3,00 
3.00 

3.00 

2.80 

a.  80 

1.60 
11,  50 
12.00 

15.50 
15,00 
10.liO 

5.00 
4.00 
4.U0 

9.75 
U.tO 
13.50 

3.50 
r».00 
H.50 

r^.fC     4.00 
4.75     3.*«0 

4.50  '  ^.m 

H.OD 

7.00 

G.50 

2.70 

S.00 

zm 

a.  00 

12.75 

a  25 

4.00 

!(!,  25 

!*.50 

4.25  .  ;t,70 

0.00 

|._-..^.^.^.-.^ 

2,T.'i 

3.00 

2.  ft) 

4.00 

12.3-5 

7.fia 

xm 

Its.  25 

12.  Sy 

4.20     3.70 

&.0D 

2,70 

3.  GO 

2.W 

:i.oo 
a.  00 

13.  W 

izrjo 

5.50 
5.W 

H.50 

15.2-5 
15,  -JT' 

7.7s 

4..^>     3,70 
4.00     3.rj0 

4.a5 

4,50 

2.70 

3.eO 

^W 

D.rio 

rj.tKt 

^.►^J 

4.00 

1 1 15 

5,fiO 

4.00     3.1.0 

4.  SO 

2.70 
2,70 
2.70 

S.flO 
2.» 
2.«0 

.^7r* 

n.oo 

1.50 
4.?i0 

7..V. 
li.OO 
5.40 

7,  .iO 
.1  25 
PA  25 

5.00 
LUO 



16;*     3,t.O 
3.50  1  3,(W 
3.40  i 

4.20 

4,00 

3.90 
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[^ 


Hating  taUefor  Nemho  Hirer  at  Tola,  Kans,,fur  190S. 


Gage 
heiKlit. 

DiiK'tiHryc. 
St'.con<l-fee(. 

Gage 
height. 

Ftrt. 

1 
Diwharge.  ' 

1 

Gage 
height. 

Fe.L 

nischaiKC. 
Stctrnd'/ert. 

Gage 
height. 

1 

1  Diuehar 

1 

Stnm<l-/crt. 

Fret. 

Seeond-j 

2.0 

'             190 

;  ^-^ 

2,3(K) 

7.6 

6,780 

11.0 

13, 1( 

2.  2 

i            2(M) 

j      5.0 

2,600 

7.8 

7,140 

11.5 

14,  V 

2.4 

!            880 

i      5. 2 

2,  SKX) 

8.0 

'       7,500 

12.0 

,     15, 2( 

2.6 

400 

5.4 

8, 200    ; 

8.2 

•       7,860 

12.5 

16,:3< 

2.8 

'           490 

5.  iS 

8, 500  ; 

8.4 

8,220 

13.0 

17, 4< 

:<.o 

5H0 

5.  8 

8,800     ^ 

8.6 

,       8,580 

13.5 

18, 5( 

3.2 

700 

rt.o 

4, 100     , 

8.8 

1       8,940 

14.0 

19,  (i( 

■Xi 

SoO 

(>.  2 

4, 420     1 

9.0 

j       9,300 

15.0 

21, » 

3.6 

1,(HK) 

(i.4 

4,740     ' 

9.2 

9,660 

16.0 

1     24, 0 

3.8 

1       1,200 

().  () 

5,060     ' 

9.4 

10, 020 

17.0 

1     26, 2 

4.0 

!       1,4(X) 

(>.8 

5,  :wo 

9.6 

'     10,380 

18.0 

1     28, 4 

4.2 

!       1,(W0 

,       7.0 

5,  700 

9.8 

10,  740 

19.  0 

,     30,6 

4.4 

1       1,880 

7.2 

6,  (XK) 

10.0 

11,100 

20.0 

32,8 

4.6 

;       2,  120 

7.4 

(>,  420 

10.5 

12,100 

21.0 

'    ;i5, 0 

h^imaleii  iiHnithly  ilhvhanje  ttf  XeoHho  Hirer  at  Jola^  Kana, 
[l)niiiuigcan.*ft.  3.670  .square  inihrM.] 

'I 


Maxiintiiii 


I 


1902. 

January 467 

Kel)ruary 1,(M)() 

March 1,4(K) 

April 4,9(K) 

May is,  .MM) 

JuiU' 85,  .V>0 

July 6,(><H) 

Aiijjii>Jt 24,  r>.">0 

So])tonilM'r ,  18,  5(X) 

OctolKT 20,150 

NoveinlK'r 2,  6(M) 

Dct't'inl^'r 7,  500 

Till"  yiiar 85,  550 


st'cotnl 

•ivrt. 

KiiiiMifT 

iiiniiii. 

Mfun. 

Tolnl  in 
a«Tt'-feet. 

iKT  K<inan' 
mile.            ' 

190 

;570 

22,  750 

0.  10 

445 

549 

:iO,  470 

.  15 

445 

tM)l 

86.  954 

.16 

490 

88(> 

49, 745 

.28 

490 

5,  5S5 

:;48,  408 

1.52 

2,  IKM) 

11,()94 

695,841 

8.  19 

!»25 

1     2,  1()9 

18.8,  :i67 

.  5<) 

8.80 

«),  882 

:{92,414 

1.74 

580 

4,  962 

295,  259 

;        i.;ii 

850 

'     4,  ()89 

288,815 

1.28 

580 

1      1,119 

()6,  585 

.  80 

925 

]     V-.T 

186,9.88 

1             •  ^'^ 

1 90 

!     8. 482 

2,492,041 

.94 

VEKDIGRI8    KIVKK    NKAK    LIHKKTV,   KANS. 

Thn  stilt  ion  was  established  in  Au«rust,  LSt).*),  and  is  located 
wa^on  bridj^e  about  250  feet  below  Me  Fa^^^art's  mill  dam,  ab 
miles  southwest  of  the  town  of  Liberty,  Kans.     The  gage  is  a  ve 


rtLL] 
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iber  fastened  to  the  floor  of  the  mill.  Bench  mark  No.  1  is  the 
ids  of  three  large  nails  in  the  flume,  and  is  at  an  elevation  of  12.46 
it  above  the  zero  of  the  gage.  Bench  mark  No.  2  is  the  head  of  a 
ke  in  the  root  of  a  cottonwood  tree  40  feet  south  of  the  gage,  and 
fttan  elevation  of  10.98  feet  above  gage  datum.  The  bed  is  rocky, 
uposed  of  gravel  and  subject ilo  very  little  change.  In  1900  a  new 
nch  mark  was  established,  consisting  of  3  nails  driven  horizontall}'^ 
JO  a  root  on  the  river  side  of  a  cottonwood  tree  40  feet  south  of  the 
ge,  the  nails  being  8  inches  below  a  sandstone  rock  whi(*h  protrudes 
)ma  hollow  in  the  tree.  Its  elevation  is  11.88  feet  above  the  zero 
the  old  gage. 

The  observer  is  C.  Fienen. 

During  1902  the  following  discharge  measurements  were  made  by 
'.  (t.  Kussell : 

April  27:  Gage  height,  3.10  feet;  discharge,  2S4  8econ<l-foet. 
May  .30:  Gage  height,  5.50  feet;  discharge,  1,822  8econ<l-feet. 
June  20:  Gage  height,  9.75  feet;  discharge,  6,192  second-feet. 
August  24:  Gage  height,  8.70  feet;  discharge,  5,136  se<!ond-feet. 

Daily  gage  height ^  in  feety  of  Verdigrijt  River  iwar  lAherlyy  Ktniu. 


i^r 


iHtL 


jMSk.   Fi!b,    Mat,  Apr.    Mfty.    Joiw.    Jtil|-.    Auk^  ;  H4.'pt. 


2  00 
^OQ 

xoo 

1.HI 
2.00 

1-w 
i.m 

1.90 
K«0 

l.W 
1.90 

1,«0 
l.«0 
1.00 

i.m 

UflO 
1.90 
1. 00 

t.oo 
].9n 


l.VO 

l.W 

i.«o 
i.w 

i,w 
t.w 
i.m 

i.uo 

1.90 

6.  On 
4.  TO 


3.70 

a.4ri 
2.m 

%^ 

2.mi 

2.40 
2.&0 
2.40 
'2.  to 
±W 
2.  SO 

a.io 

2,  SO 
2.aO 
2,ri0 
2.110 

il.40 

'h  >>ri 

3.70 
3,25 


2-W 

2.00 
2,90 
^«0 

%m 

'i,70 

t.flO 

2.W 

2.«fi 
2.«0 

%m 

2.55 

3.  iK> 
11.10 

2.R?i 
2.IjO 


3.W 
4.25 
:i.JO 
I*,  21* 

!».4IV 
f!.20 

a.  (JO 

3,2'i 
^i,Oft 

3. 15 
2.  WO 
2.75 
2.  HO 
2hW 

22,71] 

2?*.  ti7 
2^.2:1 

ft.K) 
5.  {HI 


(1.20 

11.90 
20.2''< 
81. 7ft 
3a.:<7 
32.10 
29.  fAl 
Kl,2ri 
t:.2ft 

ft.  40 
4.M 
4.70 
ft.  ChTi 

h.:jo 
4.yo 
ft.  \i^ 

lO.ljft 
12.05 
H.IO 
1^1.05 
IIJJU 
If.lO 
-Vlft 
1.70 
4,40 
4/Jl^ 
1.7ft 

rk.or» 


ft.  70 
ft.:io 
14.'i 
4.ai 

X  r>5 

0,40 

9.  to 
fi.lO 
ft.  HO 
4.3.'S 
4,10 

:\.  f*ft 

:L4n 

a. 'JO 

4,  HO 

ft,  ^'i 
4.  40  I 
3,  '.to 
■A,^-t 

n.4.^ 
;ioo 
3.V0 
2,90 
2.Ufi 
3.«0 


a.fio 
a.  2ft 

2.1^'V 
-i.liO 
2.-50 
2..-(0 
2.7U 

;i.io 
2.»r> 

-K  7ft 

2.1X> 

±m 
2. 10 
:i.4<) 
2,30 

2.70 

rt.  ijT} 
7.  yo 

ii.5r» 

.5.40 
4,70 
170 

s.ao 


14.2ft 
31.00 

7,00 
4.ri5 

L20 
7.W 
10.7ft 
1.^ 
4- 7ft 
a.  7ft 

:t,40 

a.stft 
a.  HO 
a.i5 
:i.ot» 

S.o5 

:i.  Oft 

100 
ELftlJ 
4.  7.'» 
5.^5 
ft.  411 

m7ft 

r>.7ft 
ft,  ir» 
ft.  00 


l.HU 

4,  lift 

<i.  HO 

ift,  ao 
u;,  fo 

f!.  10 

ft,  40 

4.7ft 

lA*- 

4.  40 
4,*J5 
i.  10 

IJ* 
x7ri 

3,  CiTi 

1^  a\ 
;iM\ 
xuo 

liftTi 

:i,  4.'i 

X  40 

3,20 

X'20 

:i-io 


NftV. 

Jll*. 

!C.aii 

fl.«S 

S,2.5 

4.ir» 

a.flo 

aaj 

4.10 

ri.tw 

ft.f»0 

\r» 

L'.M\ 

l.«5 

1!^^ 

1/^ 

:;.Hft 

i.m 

i^.NO 

I.W 

3.70 

i.110 

Jl.c*5 

4.00 

31.  iTi 

4.00 

t.ia^ 

4Hi» 

12.70 

4.85 

14.20 

11.25 

7.90 

10.10 

ft,  HO 

0.40 

ft.  00 

.5,40 

4.iiri 

5.40 

i.m 

7.05 

4.40 

10.75 

4.:ift 

fl.lft 

4.2ft 

tf,  10 

1.4ft 

ri.-lft 

i.m 

ri.to 

Ut^i 

4.75 

4.40 

4.Bi 

4.  no 

4.:hi 

ILWi 

4,30 

18.^ 

4.30 

\     \J^ 
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Jialhtg  inltU'  for  VenligrU  Hirer  uenr  LIfterttfy  Kann.^f(tr  1902, 


[50.81 


heiglit. 


J'irt. 
1.2 
1.4 
1.0 
1.8 
2.0 
2.2 
2.4 
2.0 
2.8 
3.0 
3.  2 
3.4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.(; 
4.8 
5.0 


DlHC-harKo.       ,:^gS\.       I>i-'harxe.        Height.    ^*»-»»^*'««-       W-       ^'^"^ 


Strvfui-fttt. 


I 


10 
27 
55 

140 

2a5 

*  280 

:i68 

464 

560 

660 

760 

860 

960 

1,060 

1,1(>4 

1,280 

1,400 


5.2 
5.4 
5.6 

5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
HA) 
8.8 
t».0 


Sfmnd-Jt  d . 
1,520 
l,(i50 
1,780 
1,920 
2,060 
2, 200 
2,340 
2,480 
2,620 

2,  760 
2,901 
3, 043 
3,188 
3, 334 
3, 480 

3,  (i26 

3,  775 
3, 925 

4,  075 
4,  225 


Int. 

9.2 
9.4 
9.6 
9.8 
10.0 
10.2 
10.4 
10.  6 
10.8 
11.0 
11.2 
11.4 
11.6 
11.8 
12.0 
13. 0 
14.0 
15.0 
16.0 
17.0 


Sfcond-frti. 

4,  375 
4, 525 
4,680 
4,840 
5,000 
5,160 
5,320 
5,480 
5,640 

5,  801 
5,963 
6,126 
6,290 
6,454 
6,619 
7,458 
8,  300 
9, 150 

10.  100 
11,150 


Frti. 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.  0 
26.0 
27.0 
28.0 
29.0 
30.0 
31.0 
32. 0 
33.0 

:«.o 

:i5. 0 

;^).o 


Stctmdrfixt 
12/M  ] 
13,500 
14,700 
15,900 
17,150 
18,500  I 
19,900 
21,300 
22,700 
24,100 
25,500 
26,900 
2S,m)   I 
29,700 
31,100 
32,500   I 
:«,ft50   ' 
:i5,4xi0 
3<»,9o0   i 


pjtHifnitcfi  nionthhi  (liM'hnrfje  t,(  Verd'njns  ]iinr  n*nr  Llhtrtif,  Kitna. 
(hriiiiuiK*'  tirvn.  :\.{H\1  sqimn-  miles.] 


Month. 


I)is<>)iarKe  in  s«'<on<l  fiTt. 


I  Muxiiniiiii.      Mininiiiiii. 


Total  in 
nrri'-ffft.       Si»<'<nul-frft 


mill'. 


1902. 
January  

Fel)rnary 1, 

March 

Ajtril 

May   LNi, 

Jum* :j:>, 

July 4, 

Aii<rnHt (5, 

Septt'iiil><»r 15, 

OctolM-r 11, 

N(»v<MiilM»r S, 

Dt'<'('iiilM'r '», 

Tlx'  yt'ar i  .I.'J, 


55 

40 

45 

2,767' 

0.01 

0.1) 

7S() 

40 

204 

11,  :i;^) 

.07 

.0 

7.^5  ' 

140 

:i57  1 

21,951 

.12 

.1 

SIO 

IS7 

26S 

15,947 

.(n» 

.1 

4:;s 

LM)5 

5,  :»/>5 

331,718  ■ 

1.76 

2.0 

OlS 

*M)() 

7,  S\K\ 

469,  cm 

2.  57 

2.S 

5-J5  1 

.".'JO 

1.050 

(U,  562 

.34 

.3 

577  1 

100 

1,051 

64,  623 

.34 

.  •'» 

(>50  ' 

:;«i.s  1 

*J,  u:;5 

174,645  ' 

.<M) 

1.0 

0S(1  ' 

4(i4 

1.  70<i 

101,8<>8  ' 

.  .56 

,(> 

470  : 

464 

1,5'.»S 

♦K5,  08S 

.  52 

.5 

-i.'i:; 

6S5 

1 .  s5l» 

113,875  . 

.(^0 

.6 

ois  , 

40 

2,  O.IO 

K  471,  070 

.6(J 

S.9 

WELL.] 
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WALNUT  RIVER  AT  ARKANSAS  CITY,  KANS. 

This  station  was  established  September  21,  liH)2,  by  W.  G.  Russell, 
nd  is  located  on  the  Madison  avenue  highway  bridge  one-half  niilo 
astof  Arkansas  City,  Kans.  The  gage  is  of  the  usual  wire  type,  with 
he  scaleboard  graduated  to  feet  and  tenths;  it  is  read  daily  by  D.  T. 
burton.  The  bench  mark  is  the  lower  edge  of  the  fifth  rivet  from  the 
op  in  the  upper  row  on  the  fourth  section  of  the  west  side  of  the 
outh  pier.  The  initial  point  for  sounding  is  on  the  right  bank.  The 
hannel  both  above  and  below  the  station  is  straight,  and  the  river  is 
higofish;  both  the  right  and  left  bank  are  high;  the  bod  of  the  stream 
3  sandy  and  shifting. 

The  following  discharge  measurements  were  made  during  1902  by 
^.  G.  Russell: 

September  24:  Gage  height,  10.15  feet;  dLacharge,  3,S99  «ecoud-feet. 
October  20:  Gage  height,  4.90  feet;  discharge,  182  aecond-feet. 

Dnily  gof/e  height,  in  feet,  of  Walnut  River  at  Arkansmt  City^  Kans, 


^^ 

Be|»L|  Oec. 

Nov. 

Dec. 

D»7- 

Bept. 

Oct. 

Nov. 

D«;. 

145 
140 

1(55 
5.25 
Ik  40 

5.60 
MIO 
5.ti« 
5.6.^ 
5.70 
5.W 

Day. 

Sept. 

Oct.    Nov. 

1     i 

4.10  ,  4.20  j 
120  1  180  1 
100  1  140 
4. 30  1  4. 30 
4.20  ,  4.:w  , 
100     120 

110   ;    130   1 

la's  '  140  i 
130  ' 1 

Dec. 

um 

.    5.3D 

5,6& 

illO 

5.66 

......    J*.  75 

y,4.i 

, a55 

'  li  00 

&,0& 

4.45 

•L0O 
^.W 

5.05 
5.10 
5.20 
£.10 

4.4fi 
4.40 
4.30 
140 
4.90 
130 

140 
130 
180 
140 

Li 

145 

130 
140 
1]0 
IID 
100 
130 
4.10 
1» 

lao 

4,00 

170 
100 
140 
130 
140 
4.50 
100 
150 
140 
4.45 

1 
23 

5.90 

+ 

IS 

24.... 
25  ... . 
26.... 
27.... 
28.... 
29.... 
30.... 
31 

.10.80 
.10.40 
.    7.30 
.    6.40 
.    6.10 
.    6.00 
.    4.40 

6.15 

n  *... 

6.20 

15..... 

6.60 

Ift...,. 

5. 75 

17 

5. 70 

1* .... . 

5.65 

19 

5.60 

....„    5.10 

,  5.on 

130 

5. 70 

21    ... 

*£t,-... 

, 

ARKANSAS   RIVEK   AT   ARKANSAS   CITY,  KANS. 

This  station  was  established  September  23,  1902,  by  W.  G.  Russell. 
'•  is  located  on  the  Chestnut  avenue  highway  bridge,  one-half  mile 
est  of  Arkansas  City,  Kans.  The  gage  is  a  painted  staff  graduated 
)  feet  and  tenths,  npiked  to  the  west  side  of  the  south  pile  of  the 
Jcond  ]yejit  on  Chestnut  avenue.  The  bench  mark  is  the  top  of  the  cap 
1  the  pile  which  carries  the  gage.  Its  elevation  is  17.2  feet  above  zero 
f  the  gage.  The  initial  point  for  sounding  is  on  the  U^ft  })ank.  The 
lannel  is  straight  for  alK)ut  200  feet  both  above  and  ])elow  the  stjition; 
^th  !)anks  are  low  and  liable  to  overflow;  the  bed  of  the  river  is 
indy  and  shifting.  The  observer  is  1).  T.  Burton,  who  reads  the 
^gfp  daily. 
The  following  discharge  measurements  were  made  during  1902: 

September  23:  (lage  height,  4.70  feet;  <liHcharge,  1,008  Hecond-feet. 
(ycUAier  20:  Gage  height,  3. HO  feet;  diHcharge,  21 S  Bercmd-leel. 


IgO  STREAM   MEA8UKEMENT8    IN    1902,   PART  IH.  [s^9L 

Daily  gage  heiglit^  in  feet,  of  Arkatuuxn  River  ni  Arkanms  Cityf  Kan». 


Day.  Sept.  Oct.    i  Nov.   '  Dec.  Day.  Sept.   '    CK»t.    ,    Nov.       Dfc. 

1902.  j  '  '  I  .  1902.  I 

1 ; '  4.10^  4.40  I  3.40  17 

2 4.30,  4.10  3.40  18 

3 ' '  4.40  '  3.70;  S.aO  19 

4 4.45  3.80  3.40  20 

5 ' '  4.r,o  I  3.r.o  j  3.:»  21 

6 4.rv»  I  3.30  3.40  '22 

7 ' '  4.r)0  i  3.40  1  3.45  23 4.70  " 

8 4.45  1  3.45  3.45  24 \      4.:10  ^ 

9 ' 4.55  I  3.fi5  i  3.50  25 4.20  i 

10 4.30  3.fi0  3.40  2(5 '      4.10  ^ 

11 ' 4..V>  3.50  3.45  27 4.10 

12 4.40  I  3.(W  3.40  2S '      4.10 

13 1 4.20  3.70  :  3.40  29 4.00  ' 

14 4.:W  3.60  3.50  30 '      4.05 

15 4.10  3.40!  3.oO  31 ' ! 

Ifi ,  4.15  :i.m  ,  3.70  '  1 


4.00 

3,50 

171 

3. -20 

8.(» 

is: 

3.00 

3.70 

171 

3.20 

3.70 

11- 

3.10 

3.eo 

li  ■ 

3.30 

3.50  1 

15 

3.40 

3,60 

IS' 

8.55  : 

3.50 

1« 

4.10 

3.40  , 

111 

4.00, 

8.50 

li 

4.10 

8.ti0 

1% 

4.20 

3.50 

i« 

4.10 

3.40 

m 

4.10 

3.30 

ifi 

4.20  , 

1 

2.6 

ARKANSAS   RIVKR   AT    HUTCHINftON,  KANS. 

The  Arkansas  River,  after  crossing  the  Kansas  and  Colorado  State 
line,  is  not  systematically  measured  until  Hutchinson,  in  al)out  the 
center  of  the  State,  is  reached.     The  station  here  was  established  May 
13,  1895,  and  is  located  at  the  wa^on  bridge  at  the  south  end  of  Main 
street.     The  ^a^e  consists  of  an  oak  timber  spiked  to  a  pile  a  few  foot 
above  the  bridge.     Bench  mark  No.  1  is  the  upper  cros.spiece  of  the 
pier  guard,  with  an  idevation  of  S.:3r>  fec^t  above  zero  of  the  gjige- 
Bench  mark  No.  2  is  the  top  of  the  iron  door.sill  of  the  tirst  brick  build' 
ing  next  to  the  river,  and  its  elevation  is  S.12  feet  above  gage  datum. 
The  channel  is  straight  for  some  distance  above*  and  below  the  brid^fc: 
the  bed  is  sandy  and  very  shifting,  necessitating  frequent  discharj^e 
measurements  and  soundings.     At  time*  of  low  water  the  stream  sub- 
divides into  a  number  of  threads.     Mc^asurements  of  discharge  arc 
made*  from  the  bridge*  at  timers  of   high  water,  and  at  low  w^ater  the} 
can  l)e  made*  by  wading. 

The  observer  is  Daniel  Lauer. 
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charge  mecuturemenUt  made  on  Arkatisa^  River  at  Hntchiuaon,  Kan*. 


Date. 


1902. 


Hy<ln)grapher. 


W.  G.  Russell. 

do 

do 


.do 
.do 
.do 
.do 
.do 


Gage 
height. 

Feet. 
1.10 
1.50 
4 


15 
3.75  I 


2.  05 
2.  55 
2.40 
1.20 


Di))icharge. 

Srcfmd/cet. 

39 

155 

5,a57 

3, 824 

550 

1,066 

1,117 

95 


ktUy  gage  height ^  infeei,  of  Arhtiinas  RiitT  nt  HairlunmnLy  Knns. 


Jan. 

Fob. 

Mkf. 

Apr. 

May. 

June. 

July. 

Aug. 

.Sept. 

Oct. 

Nov. 

Dee. 

1.20 

1.20 

2.00 

I. -25 

1.00 

4.42 

2. 15 

l.SO 

1.70 

2.30 

l.:» 

1.10 

1.20 

2.00 

2.00 

1.25 

1.00 

4.60 

2.40 

1.60 

1.70 

2.10 

1.30 

1.10 

1.25 

(") 

2.00 

l.*2.> 

1.00 

4.12 

2.40 

1.60 

1.60 

2.00 

1.30 

1.10 

1.25 

2.00 

2.00 

1.20 

1.10 

3.72 

2.40 

1.55 

1.50 

1.96 

1.30 

1.10 

1.25 

2.00 

1.80 

1.20 

1.10 

3.57 

2. 15 

1.50 

1.55 

1.85 

1.30 

1.10 

1.20 

2.00 

1.60 

1.1>0 

1.10 

3.05 

2. 05 

1.4.5 

1.60 

1.75 

1.25 

1.10 

1.20 

(«) 

1.50 

1.20 

1.10 

2.S2 

2. 0.'. 

1.40 

1.65 

1.70 

1.25 

1.10 

1.15 

2.00 

1.40 

1.20 

1.05 

2.  70 

2.  CO 

1.40 

1.45 

i.r,.5 

1.25 

1.20 

1.10 

1.20 

1.3.5 

1.20 

i.o:. 

2.02 

1.05 

1.40 

1.45 

1.(15 

1.20 

1.30 

1.05 

(«) 

1.30 

1.20 

1.05 

2.52 

1.95 

1.40 

1.40 

I.Tm 

1.20 

1.30 

1.00 

1.20 

1.30 

1.20 

1.05 

2.45 

1.00 

1.00 

1.40 

\.m 

1.20 

1.30 

1.10 

1.20 

1.25 

1.15 

l.(;0 

2.  10 

1.S5 

2.  45 

l.:V> 

1..50 

1.20 

1.30 

1.10 

1.'25 

1.15 

i.(;o 

2.  32 

2.10 

2.  20 

l.;» 

l..^)0 

1.  25 

1.30 

i.a5 

1.20 

1.20 

1.15 

1.20 

2,n 

2.50 

2.10 

1.35 

\.'A) 

1.30 

1.30 

i.a'. 

1.15 

1.15 

i.:xi 

2. 10 

2. 55 

2.00 

1.30 

1.45 

1.25 

1.30 

1.00 

1.20 

1.10 

1.15 

i.j) 

>.00 

2.  (-0 

1.9.5 

1.30 

1.45 

1.20 

1.30 

1.00 

(«) 

1.10 

1.15 

1.J5 

l.<»5 

2.CK. 

l..s^5 

1 .  :u) 

1.40 

1.20 

1.30 

1.00 

1.20 

1.10 

1.15 

1.20 

2. 15 

2.  '>0 

1..H0 

1.25 

1.;}.-) 

1.2t» 

1.30 

1.00 

(") 

1. 10 

1.15 

1.15 

2.  20 

2. 15 

1.75 

1 .  25 

1.;',;'. 

1.20 

1.30 

1.00 

1.20 

1.10 

1.15 

1.  15 

2.  20 

1 .  95 

1.75 

1.20 

i.:i.-> 

1.2t) 

1.40 

1.'25 

(...) 

I.IU 

1.10 

\.?X) 

2.  25 

1.70 

2.  45 

1.25 

i.;i:. 

1.20 

'1 1.50 

1.2.-> 

1.'.) 

1.15 

1.10 

1 .  75 

2.  30 

1.70 

2. ;'»() 

1 .  25 

i.;j.5 

1.20 

«1.50 

l.i.-> 

2.00 

l.-iO 

1.10 

•J.  00 

2.  25 

1.70 

2. :'/. 

I.;'/) 

i.:uj 

1.20 

"1.50 

1.25 

2.00 

1.20 

1.05 

2.  00 

2.  J5 

1.70 

2.40 

1.30 

i.:u) 

1.20 

«1.50 

1.20 

2.00 

1.20 

1.(1-. 

1.70 

2.  'HI 

1.75 

2.  r.0 

1.25 

1.30 

1.20 

it  1. 50 

1.20 

2.(K, 

1.2.% 

1.05 

1 .  .V. 

2.  10 

1.75 

2.  40 

1 .  25 

1.30 

1.20 

"1..50 

(") 

2.00 

l.:?() 

1.0.') 

1.  10 

2. :?() 

l.sO 

2.  :f) 

1.2.5 

l.:'.o 

1.10 

Ml.  50 

1.20 

2.00 

l.io 

l.tMl 

1 .  :x) 

2.  25 

1 .  IMJ 

2.  2.-) 

2.  IN) 

i.:5o 

1.10 

1.50 

1.20 

\.m 

l.(M) 

1 .  1.-) 

2.  i't 

2.  (Rl 

2.  10 

2. 15 

1.30 

1.10 

1.40 

(") 

i.:u) 

l.(i(> 

i.:ki 

2.  15 

2.  (K) 

2.  IKI 

2.  30 

i.:w 

1.10 

1.40 

1.20 

!.:•.(» 

:;.  \y) 

1 .  «M) 

l.SO 

1.30 

1.40 

'«  Froxoii. 
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Rating  table  for  Arkangas  River  at  HtUchinmmj  Karu.ffor  J90f, 


Ga*e 
height. 

DiMhargu. 
Serond-frft. 

Gage 
height. 

1                     ' 
1   DiHcharge.  | 

i 

1  Secfmd/cet.  ' 

he'Sit. 

Dineharge. 

l^gSt 

DiKhaife. 

Feel. 

FM. 

Second-fed. 

FkL 

SeamirStA.\ 

0.8 

20 

1.8 

325 

2.8 

1,640 

3.8 

4,060 

.9 

30 

1.9 

400 

2.9 

1,820 

3.9 

4,340 

1.0 

40 

2.0 

,          475     . 

3.0 

2,000 

4.0 

4,000 

1.1 

60 

2,1 

600 

3.1 

2,260 

4.1 

4,860  1 

1.2 

80 

2.2 

1           '25     , 

3.2 

2,520 

4.2 

5,120  ' 

1.3 

100 

2.3 

;         850    , 

3.3 

2,780 

4.3 

5,380 

1.4 

125 

2.4 

1          975     1 

3.4 

3,040 

4.4 

5,640 

1.5 

150    , 

2.5 

1       1,100    1 

3.5 

3,300 

4.5 

5,900 

1.6 

200    ■ 

2.6 

i       1,280     ! 

3.6 

3,560 

4.6 

6,160 ; 

1.7 

_ 

250    . 

2.7 

'       1,460 

1                    1 

3.7 

3,820 

1 

I  I 


Etttirmtted  monthly  discharge  of  Ark'ati9(u  River  at  Hutchin»onj  Kan». 
[Drainage  aiva,  :M.000  Mquare  miles.] 


1           Discharge  in  Hecond-feet           , 

Total  in 
acre-feet. 

Run-off. 

Month. 

;  Maximum. 

1 

Minimum. 

40 

80 

60 

40 

40 

438 

288 

125 

80 

KK) 

60 

(iO 

40 

Mean.    ' 

t>9 
2(>3 
148 

(>8 
254 
1,58:J 
()05 
510 
184 
208 

83 
10(> 

.'540 

Second-feet 
mile. 

Depth  in 
inrlu>!«. 

1902. 
January  

W 

4,  243 
14,(K)6 
9,100 
4,046 
15,618 
iW,  195 
37, 190 

3i,:y>9 

10,949 

12,789 

4,  939 

6,518 

245,  552 

0.002         O.OO 

Febniarv 

475 

.008  1        .(.W 

March 

1 

475 

.004  ,        .0) 

April 

W 

.002          -00 

May 

4,  340 

.008 
.047 
.018 
.015 

.00 

June 

July 

Aujjiist 

(>,  1(U) 
1,280 
1,100 

.05 
.02 
.01 

Sei>teinlH*r 

8.')0 

.  (K>5           .  00 

Octolx-r 

8.^)0 

.  (KK)           .00 

Noveinl>er 

DecvinlnT 

KK) 
150 

.002          .0(1 
.  00.3          .  OO 

The  year... 

(),  KJO 

.010 

.!» 

»«WIIL.] 
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ARKANSAS   RIVER  AT   DODGE,    KAN8. 

This  station  was  established  November  28,  1902,  by  W.  G.  Russell, 
and  is  located  one-fourth  mile  south  of  Dodge,  on  the  highway  bridge. 
The  gage  is  a  plain  staff  graduated  to  feet  and  tenths,  and  nailed  to 
the  upstream  pile  of  the  twelfth  bent  at  the  north  end  of  the  bridge. 
The  initial  point  for  sounding  is  on  the  left  Imnk.  The  channel 
both  above  and  below  the  station  is  straight  for  about  100  feet;  both 
banks  are  low  and  liable  to  overflow;  the  bed  of  the  stream  is  sandy 
and  shifting.  The  observer  is  Alexander  Alter,  who  reads  the  gage 
once  each  day. 

The  following  discharge  measurement  was  made  in  1902: 

November  28:  Gage  height,  1.55  feet;  dificharge,  45  second-feet. 
Daily  gfige  height ^  in  feet,  of  Arkansas  River  at  Ikjilge^  Kans. 


Day. 


mi. 


Nov.   I>cc.  I       Day.        ;  Nov.  t  Dw. 


I 


.  1.45 
J  1.55 
.'  2.00 
.1  1.35 
.  1.35 
J  1.25 
.  1.50 
.    1.65 




1.55 
1.35 

1.65 

1.25 

; ;; ;;; ;; i; ; ;;; 

1.45 
1.65 

1.00 

1 

1.00 

Day. 


I  Nov. 


17 

18 

19 

20 

21 

22 

23 

24 


Dec. 


1.25 
1.25 
1.25 
1.15 
1.45 
1.55 
1.45 
1.55 


Day. 


Nov. 


Dt'o. 


I  I 

25 ' 1.56 

•26 ' \  1.65 

27 1.65 

2H j  1..55  1.45 

29 1  1.10  1.65 

30 1  1.45  1.65 

31 ' 1  1.5B 


ARKANSAS   RIVER   AT   SYRACUSE,  KANS. 

This  station,  established  August  21,  1902,  by  W.  G.  Rus.sell,  is 
located  on  the  highway  bridge  1  mile  south  of  Syi*acuse,  Kans.  The 
gage  is  a  plain  staff  graduated  to  feet  and  tenths,  fastened  to  the  (»ast 
pile  of  the  bent  283  feet  south  of  the  north  end  of  the  liridge.  The 
initial  point  for  sounding  is  on  the  left  bank.  The  channel  above  and 
below  the  station  is  straight  and  the  water  is  sluggish.  The  right 
bank  is  low  and  liable  to  overflow:  the  left  })ank  is  high,  and  the  bed 
of  the  stream  is  sand\'  and  shifting.  The  l>ench  mark  is  on  the  top  of 
the  east  end  of  the  first  sill  at  the  north  end  of  the  bridge.  Its  eleva- 
tion is  13.45  feet  above  the  zero  of  the  gage.  The  gage  is  read  daily 
by  Clyde  S.  Welborn. 

The  following  discharge  measurement*^  were  made  during  1J*()2: 

August  21:  Gage  height,  2.05  fet't;  diw^liargo,  99  secon<l-feet. 
August  30:  Gage  height,  8.00  feet;  (li.«cliarge,  90i)  stM-oud-fect. 
November  9:  Gage  height,  1.80  f<H*t;  diwliargo,  42  HtH'oiid-feet. 
November  26:  Gage  height,  1.60  feet;  (liwtharge,  19  second -fe<'t. 
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Diiily  gtige  heigfUy  in/eet^  of  Arkansas  River  at  SyracvM^  Kan9, 


lm.IL 


Day. 

Aiig. 

1 

mn. 

2 

3 

4 

5 

6 

7 

H 

J 

10 

11 

12 

13 

14 

ir.     1 

16 

17 

18 '... 

19 

20 - 

21 

2  05 

22 

2  05 

23 

2  00 

24 

2  00 

25 

1.90 

20 

•»  05 

27 

:{  05 

28 

3  sT) 

20 

3  45 

a) 

U  00 

31 

2.  H.'> 

Sept.       Oct.    ;   Nov.  I  Dec- 


2.70 

2.70 

2.«5 

2.55  . 

2.60  j 

2.50  I 

2.45 

2.45 

2.40 

2.85 

2.30 

2.25 

2.15 

2.05 

1.95 

1.95 

1.^ 

1.90 

1.90 

1.90 

1.90 

l.«5 

1.86 

1.85 

1.80 

1.80 

1.80 

1.75 

1.75 

1.75 


1.75 
1.75 
1.80 
2.00 
2.00 
1.95 
1.95 
1.90 
1.90 
1.85 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.80 
1.75 
1.75 
1.75 
1.75 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


1.70  ! 
1.70  ' 
1.70  i 
1.70, 
1.70 
1.70  1 
1.70 
1.70  1 
1.80  I 
1.80 
1.80  I 
1.80 
1.80 
1.80 
1.80 
(«) 


l.fO 
1.80 
1.70 
1.80 
1.80 


1.7^ 

\.» 
1.7 
1.71 
1.9 
L» 
1.91 
l.M 
l.lK 
l.j« 
l.» 
1.S 
1.H 

1.8 
l.S 
l.» 
1.8 
1.9 
2.0 
2.0 
2.0 
iO 
2.C 
1.9 
2.C 
2.1 
2.( 
2.( 


'I  N(»  ot»s«Tvcr. 


liaiuuj  f tilth'  for  Arhinatis  Jilrtr  nt  SyrnrHi<i\  Kmin.^  for  ItH)!^. 


llriKht. 


\A\ 
1.7 
l.S 
1.9 
2.0 
2.  1 


I   Disi'lmrK''. 

I 

I  Strnitil-fnI. 

20 

;io 

40 
(M) 

MO 

i:u) 


hi'iKht. 


Vn  t. 


2.  W 

2.4 
2.  ') 
2.  i\ 


Srmiul-fri  t. 

250 

:iSO 

410 
5(X) 


lu'iKht. 


Int. 

2.  S 
2.9 
?>.  0 
.S.  1 

:i.  2 


DiscluirK**. 

Stcoinl-ffrt. 
()80 
7S0 
SSO 
9S0 
1,090 
1,200 


height. 


Frrt. 

3.4 
3.  T) 

X  r> 

3.7 
XH 
X  9 


Di.KoharKO. 
St■r^^n^l-ft*^. 

i,:nr> 
1,4:^1 

1,545 
1 ,  (>(U) 
1,775 
1,K1K) 
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EtUmated  monthly  discharge  of  Arkanms  River  at  Symcune,  Katis, 
[Draina^  area,  24,960  square  mlloti.] 


Month. 


1902. 
Angust  21  to  31 

September 

October 

Novenilwr 

December . 


Diflch&r]^  in  second-feet. 


Maximum. 


590 
80 


130 


Minimum. 


a  11  days. 


35 
30 


30 


Mean. 


«571 

197 

43 

54 


b  20  days. 


Total  in 
acre-feet. 


« 12, 459 

11,722 

2,644 

^2,02:^ 

3, 320 


Kun-off. 


Second-feet 

per 
Hquare  mile. 


a  0.023 

.008 

.(H)2 

^'.OOl 

.002 


<"  30  days. 


Depth  in 
inches. 


«  0.009 

.009 

.002 

<^.002 

.00;^ 


ARKANSAS   RIVEK  AT   BARTON,  COIX). 

This  station  was  established  May  2,  1901,  at  the  milroad  bridge  one- 
half  mile  east  of  Barton  or  Byron,  which  is  the  name  of  the  railroad 
jjtation  on  the  Atchison,  Topeka  and  Santa  Fe  Railway.  Throughout 
thLs  region  the  bed  of  the  stream  is  broad  and  sandy,  and  the  channel 
is  shifting.  This  point  was  selected  as  the  most  available  place  for 
dotomiining,  approximately,  the  discharge  of  the  Arkansas  at  a  point 
near  the  Colorado-Kansas  line.  The  rod  consists  of  a  vertical  2  by  4 
inch  piece  of  timber  7  feet  long,  nailed  to  a  pile  on  the  downstream 
»ideof  the  railroad  bridge  at  the  lowest  iK)int  in  the  channel.  No 
bench  mark  was  establinhed,  but  the  rod  was  spiked  at  the  foot  marks 
to  the  pile.  The  channel  is  extremely  shifting,  and  there  may  be  at 
times  many  different  channels.  The  initial  ])oint  for  soundings  is  the 
rijj'ht  hank.     The  observer  was  Harry  Hunt,  i>ostmastcr  at  Barton. 

The  observations  at  this  station  were  discontinued  in  May.  11M>2, 
for  the  reason  that  the  channel  had  changed  and  t\w  conditions  were 
'unfavorable  for  securing  reliable  data. 
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Day. 


STBEAM   MEA8UBEMENTS   IN   1902,  FAST  in. 


Daily  gage  fieighty  infeely  of  Arkuvmis  River  at  Barton ,  Colo. 


[N0.81 


Juii.    I    Feb.    I    Mar.       Apr.       M»y. 


I 


I 


1902. 

1 1  1.15 

2 '  1.20 

S !  1.20 

4 1.30 

5 '  1.30 

6 1  1.30 

7 1  1.40 

8 ■  1.40 

9 1.50 

10 '  1.50 

11 ]  1.50 

12 l.W 

18 1.50 

14 '  1.40 

15 1  1.40 

16 1  l.W 


r 

i 

1.30  I 
1.30  ' 
1.40  I 
1.50  I 
1..50, 
1.50 
1.50  I 
1.50  I 
1.50  j 

1.60 ; 

1.70 
1.70  i 
1.70 
1.70  I 
1.60  , 
1.60  , 


I 


0.90  I 

.m\ 
.w  , 
.70  I 
.70  ' 
.50  ' 
.40 
.40 
.40 
.40 
.30 

.30 
.20  1 

.20  ; 

.20  , 


0.30 
.30 
.20 
.10 
.10 
.05 

.a5 
.or> 

.05 

.or, 
.a5 

.20 
.30 
.36 
.35 
.30 


0.10 
.15 
.15 


Day. 

1902. 
17 


18. 
19. 
20. 
21  . 
22. 
23. 
24. 
25. 
2«i  . 
'  '*7 

•29. 

I  30  . 
'  31  . 


Jan.        Feb.    i    Mar.    i    Apr.      May. 


1.30 

1.50  ! 

1.20 

1.50  1 

1.20 

1.40 

1.15 

1.40  1 

1.15 

1.40  i 

1.10 

1.30  1 

1.10 

1.30  1 

1.10 

1.20  ' 

1.10 

1.00  1 

1.00 

1.00  1 

1.00 

1.00 

1.00 

.90' 

1.10 

t 

1.10 

1 

1.20 



0.20 

1 
0.20   

.30 

.20   

.35 

.25   

.35 

.25  ' 

.35 

•  •20   

.35 

.20  ' 

.45 

.20   

.50 

.10  ! 

.40 

.10   

.30 

.05    

.25 

.a5  

.30 

.05    

.30 

.05   

.35 

.10    

.30 

l""' 

AKKANSA8   UIVER  NEAR    RCKTCYFORD,  COLO. 

The  old  station  wa»s  located  2  miles  nortlieast  of  Rocky  ford,  Colo., 
and  was  e^stablisheil  May  3,  18J)7.  The  gage  consisted  of  a  vertical  1 
by  3  inch  timber  notched  in  tenths  and  .securely  nailed  to  the  pile  pro- 
tection to  the  abutm(»nt  of  the  wagon  bridge  at  the  left  side  of  the 
stream,  upper  side  of  the  bridge.  The  initial  point  for  sound ingsw{u< 
on  the  left  bank  at  the  water's  edge.  Both  banks  are  higti  and  liable 
to  overflow  only  at  very  high  water.  Tin*  channel  is  straight  foruJwut 
30^)  fe(»t  abovt*  and  below  the  station.  The  btnl  is  sandy  and  shifting. 
This  stMion  was  abandoned  April  7,  VM){). 

A  new  station  was  (\stablished  by  K.  W.  Hawley  on  April  U*,  IJHil. 
at  a  point  3i  miles  northwest  from  Uockyford  station  on  the  Atcliison, 
Topeka  and  Santa  Fe  Railway.  A  steel  ral)le  was  stretched  acToss  the 
river  and  sii])[)lie(l  with  a  car,  and  an  inclined  timber  gage  rod  yf^ 
bolted  into  the*  shah»  on  the  north  side  of  the  river  and  marked.  The 
bench  mark  consists  of  a  cut  in  a  trec^  at  tli(»  initial  point  level  with  Ji 
l()-f()ot  mark  on  the  rod.  The  records  were  kept  through  the  courtesy 
of  th(»  American  Be(»t  Sugar  Company,  Fred  Chappell,  agriculturist, 
taking  the  reading.  The  channel  is  fairly  favorable  for  good  results. 
being  at  what  is  known  as  the  old  ford.  The  ))ottom  is  of  shale  nn^^ 
usually  free  from  sand,  although  1ill(»d  in  to  a  certiiin  extent  at  sonic 
stages.  (Jagings  may  Ix*  made  eitluM*  by  nunuis  of  the  cable  and  ear  oi' 
})y  wading.  The  point  is  of  es[)ecial  importance,  owing  to  the  fact 
that  it  is  one  of  tin*  few  ])la<M»s  on  the  Arkansas  Kiver  w^here  the  chan- 
nel is  at  all  permanent. 


«IWELU] 
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DfiUy  gage  height,  in/eel,  of  Arkansas  Hirer  near  Rockyfordy  Colo. 


Dty. 


L 


Jan. 


1902.  I 

1 1  l.»0 

2 1.70 

8 !  1.80 

1 ]  1.80 

5 !  1.80 

« ]  1.90 

7 !  1.90 

8 1.90 

9 1.80 

W I  1.70 

" 1.70 

K I  1.50 

" '  1.60 

W l.fiO 

^ 1.50 

« i  1.50 


Feb. 


2.00 
2.20 
2.50 
2.50 
2.50 
2.40 
2.^ 
2.20 
2.40 
2.00 
2.60 
2.50 
2.70 
2.40 
2.50 
2.00 


1 
4ar. 

Day. 

1 

2.00 

17 

1902. 

2.20  \ 

18. . . . 

2.00  ■ 

19.... 

\ 

1.80 

70 

2.20 

.1 

2.00 

I 

2.00 

Z 

1.80 

24 

2.00 

25.... 

1.80 

26 

2.20 

27 

2.30 

2H 

2.20  1 

29 

2.00 

30 

2.20 

31 

2.50 

Feb.    ! 

Mar. 

1.50 

2.00 

2.50 

1.50 

2.00 

2.00 

1.50 

2.00 

2.00 

1.60 

•2.00 

1.80 

1.50 

2.00 

2.20 

1.60 

2.00  . 

2.20 

1.60 

1.90 

1.80 

1.50 

l.SO 

2.20 

1.50 

2. 20 

2.00 

1.60 

2.00 

1.80 

l.fiO 

2.20 

2.20 

1.60 

2.00 

1.80 

1.60 

1.80 

1.90 

2.20 

1.90 



i 

2.00 

Rating  table  for  Arkoimis  Jiii'er  near  Rockyfordy  Colo.,  for  190 J. 


height. 


-0.2 
.0 
.2 
A 
.6 
.8 
1.0 


'  DineharKe. 

Stcond-feet. 
25 
32 
43 
56 
73 
101 
137 


Gaire 
height. 


1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 


Di.Hcharge. 

Seamd-Jert. 
181 
238 
343 
510 
7^5 
1,009 
1,321 


Gage 
height. 

Diffcharge. 

Gage 
height. 

Fuel 

Scamd/rti. 

Frrt. 

2.6 

1,665 

4.0 

2.8 

2,035 

4.2 

3.0 

2,  424 

4.4 

3.  2 

2,820 

4.6 

3.4 

3,220 

4.8 

3.6 

3, 620 

3.8 

4, 020 

DiHcharge. 

Scamd-frrt. 
4,420 
4,  820 
5,220 
5,620 
6,020 


Edimated  monthlij  discharge  of  Arkansas  River  mmr  Rock* ford ^  Colo. 
[Drainage  area,  11,440  S4}iiare  miles.] 


Month. 


Diachargc  in  seoond-feet. 


I 


Maximum.     Minimum. 


1902. 

ary 616 

^«bmary 1,848 

^«iH ,  1,489 


282 
510 
510 


Mean. 


402 

1,081 

828 


Run-olT. 


Total  in  iicre- 

feet.  Second -feet 

per  square 
mile. 


I)e|>tli  in 
int'heH, 


24,718  0.035  0.04 

60, 036  I  .094  .10 

50,896  '  .072  I  .08 


128  STREAM   MEASUREMENTS   IN    1902,   PART    lU.  (J'o. 

ARKANSAS    KIVKR   NEAR   NEPE8TA,  COLO. 

Tho  original  stiitioii,  established  Sept-eml)er  8,  1897,  is  locat-ed  IS 
feet  north  of  Nepesta,  Colo.,  at  a  wagon  bridge,  2(H)  feet  below  1 
Atchison,  Topeka  and  Santa  Fe  Railroad.  The  gage  consist  oj 
vertical  timber  graduated  U)  feet  and  tenths,  securely  fastened  to 
upstream  cylinder  of  the  bridge,  on  the  left  side  of  the  river.  The  oh 
nel  alx)ve  and  below  the  station  is  stmight  for  several  hundred  fe 
while  the  bed  is  sandy  and  shifting,  and  the  results,  therefore,  are 
altogether  satisfactory  for  the  purpose  of  making  a  rating  table.  T 
station  was  maintained  by  the  Great  Plains  Water  Company  ui 
December,  VMM).  May  1,  1901,  another  station  was  established 
A.  L.  Fellows,  assisted  by  C.  W.  Beach,  at  the  dam  and  head  gate 
the  Oxford  Farmers'  Canal,  H  miles  west  of  Nepesta.  The  stat 
consists  of  the  dam  crossing  tlie  river  at  the  head  gate  forming  a  w( 
and  a  gage  rod,  consisting  of  a  2  l)v  6  inch  timber,  8  feet  long,  fastei 
to  an  oak  pile  at  the  south  end  of  the  dam;  the  location  being  marl 
by  spikes  driven  into  the  pile  at  each  foot  mark.  The  rod  is  gradua 
to  feet  and  tenths  vertic^illy.  At  low  stages  the  stream  may  be  u« 
ured  by  wading,  but  at  high  stages  it  is  necessary  to  use  the  waj 
bridg(»  at  Nepesta,  making  the  necessary  allowances  for  inflow  lK>tw 
the  two  points;  this  can  readily  ])e  done,  iis  the  distance  is  onl}'  all 
a  mile.  The  observer  is  Z.  Swallow,  head  gat(»  keeper  of  the  Oxf 
Fanners'  Canal.  The  st4iti()n  will  prove  of  particular  value,  as  i 
nt»ar  the  head  of  irrigation  district  No.  17,  one  of  the  most  import 
on  the  Arkansas  River. 

The  table  of  the  discharge  of  the  Oxford  Fanm^rs'  Canal  has  I 
furnished  by  their  srci-etary,  F.  M.  Weiland.  Readings  were  ta 
only  on  those  days  when  tin*  river  gage  read  zero. 

During  1902  the  following  discharge  measurements  were  made 
C    W.  Beach: 

May  'j:>:  (ia;x<'  luM^lit,  ().;'>0  feet;  dischar^'c,  2'M  sccoinl-fewt. 
Juiii' 2S:  (;ajr<' hi'i^'ht,  ().«)0  f(vt;  «liscliar^'o,  127^' Sfcond-fcet. 

IhlUiJ  .'/"UA'  Iniijht,  ill  firt,  nf  Ai'huiS'ts  Hirer  iirar  Xrftrstd,   (\dn. 

Day.  Aj.r.         Mn\.       Jutir.       July.        Aii^r.       ^cpt.        Oct.        N 

YMYl.                              ■                '  \  \ 

1 0.  :».s     0.  '.»J    0. 7'J         0.  -M  I 

2 '       .(;i    ^11    :^i>  '      .r.y  ... 

3 lii        (I.:::         .*>^  nA        .til  1-.- 

4 .:vS  .u-2  l.Oa    .al  .fil    ... 

.') s\  .7y       i.oj       O.JO   .VI         .59  i.-- 

6 «;:>         ..so        .'.t.'>        .JO       i.7.'>        .;{'.»        .oi   ... 

7 .(il  .r.7  .'Js  ..V.»         l.;V)  .111         .50  '.-• 

» 5J  .75  .•»5  .57  aV2  .:W  ,  .•«'..• 

"  WaUT  fi'il  0.05  diirini,'  «:u>^aiiK. 
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hj  gage  heigki,  in  feet,  of  Arkansas  River  near  Nej>eMa,  Colo. — Continue<l. 


Day. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

1902. 

0.57 
.60 
.59 
.56 
.62 
.64 
.59 
.61 
.49 
.49 
.42 
.48 
.22 
.27 
.36 
.86 

0.87 

.80 

.85 

1.20 

1.17 

1.16 

1.22 

1.16 

1.21 

1.19 

1.12 

1.02 

.78 

.65 

.64 

.72 

.75 

.73 

2.65 

2.65 

1.72 

1.22 

1.06 

0.98 
.85 
.86 
.87 
.88 
.87 
.86 
.87 
.79 
.75 
.69 
.68 
.61 
.59 
.61 
.53 
.56 
.51 
.51 
1.25 
1.73 
.25 

0.44 

.72 

1.42 

1.60 

.44 

.41 

.39 

.19 

.60 

1.90 

1.30 

.50 

.20 

0.53 
.42 

0.50 
.51 
.49 
.51 
.50 
.51 
.50 
.50 
.49 
.52 

.52 
.60 
.61 
.49 
.50 
.51 
.89 
.19 

0.39 

.51  ' 

.50  ' 

.52 
.59 
.61 
.56 
.60 
.49 
.48 
.49 
.69 
.59 

.50  ! 

:52i 



*  *:55' 

.51 

.25 



.20 
.44 
.51 
1.10 

,.« 

1.12 
.75 
.59 

2.00 

.52 
.51 
.50 
.  52 
.50 
.50 
.50 
.50 
.52 

i 

.17 
.17 
.17 

i 

Discharge  of  Oxford  Farmers'  Canal. 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

o.-oo 


Second-feet 

in  Oxford 

Farmen' 

Canal. 


75 
53 
14 
14 
14 
14 
14 
8 
6 
14 
14 


Date. 


River 
Rftge. 


Second -feet 
I  in  Oxford 
I    Farmers' 
Canal. 


_l- 


August  11 

August  20 

August  21 

August  22 

September  9.. 
September  10 - 
September  11. 
September  12. 
September  13. 
September  15. 
September  16. 

6  i'  September  17. 

6  II  September  18. 

6  I  September  19. 
14  j  September  20. 
14 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


80 
14 
14 
14 
30 
14 
14 
18 
20 
14 
14 
14 
14 
14 
14 


^^,  26,  and  27 gage  rod  read  zero,  but  no  flow  in  canal  recotded, 
BS  84r—03 9 
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Jiatifig  table  for  ArkaiiMn  River  near  NepetUif  Colo.^  for  190$, 


[VO.M. 


Gaffe 
heiRht. 

Discharge. 

FM. 

Secmtd-feet. 

0.2 

21 

.4 

61 

.6 

200 

.8 

4«5 

l.O 

815 

1.2 

1,217 

1.4 

1,635 

&i. 

DlMharKe. 
Second-fed. 

hei^t. 

Pischaige. 

Gaire 
height. 

Diflchaige. 

FM 

IM. 

Seeond-feeL 

FeeL 

SeeoHd'/eel. 

1.6 

2,067 

3.0 

5,202 

4.4 

8,400 

1.8 

2,506 

3.2 

5,658 

4.6 

8,860 

2.0 

2,949 

3.4 

6,114 

4.8 

9,324 

2.  2 

3,396 

3.6 

6,570 

5.0 

9,788 

2.4 

3,844 

3.8 

7,026 

2.6 

4,296 

4.0 

7,482 

2.8 

4,748 

4.2 

7,940 

Estimated  monthly  discharge  of  Arkansas  River  near  Nepesta,  Oolo,^ 
[Drainage  area  9,130  Hquare  miles.] 


DiHchargo  in  Hecond-fect. 


Minimum. 

Mean. 

0 

119 

0 

936 

28 

566 

0 

312 

0 

643 

0 

87 

108 

129 

Total  in  acre- 
feet. 


7,081 
57,552 
33, 679 
19,184 
39, 537 
5, 1 77 
7,932 


Run-off. 


Second-feet 
u 

ie. 


per  raiiare 


0.013 
.103 
.062 
.034 
.070 
.010 
.013 


Depth  in 
inches. 


0.015 
.119 
.069 

.cm 

.081 
.011 
.015 


o  These  figures  do  not  inehnle  the  flow  of  Oxford  FarmerH*  Canal. 
ARKANSAS    RIVER   AT  1»UKBL<),  COLO. 

This  station  was  ostahlished  in  Septem})cr,  1894,  by  A.  P.  Davis. 
Originally  there  were  two  gage  rods.  The  main  gage  was  located  at 
the  Santii  Fe  Avenue  Bridge  and  consisted  of  a  vertical  6  by  6  inch 
tiiii})er,  and  a  1  b\'  0  inch  scale  bolted  to  the  abutment  of  the  Denver 
and  Rio  Grande  Railroad  bridge  on  the  left-hand  side  of  the  river, 
graduated  to  tenths  of  a  foot.  There  wius  also  a  short  vertical  rod  for 
extreme  low  water  spiked  to  a  pile  about  20  feet  out  in  the  stream, 
reading  the  same  as  the  main  gagt\  The  12-foot  mark  of  this  gage 
was  opposite  the  top  of  the  large  capstone.  The  rod  at  Victoria 
Avenue  Bridge  consisted  of  inclined  4  by  4  inch  timbers  fastened  to 
posts  set  in  the  right  bank  of  the  stream,  graduated  to  vertical  tenths 
of  a  foot,  the  space  between  the  marks  being  0.242  of  a  foot.  This 
rod  was  placed  in  »June,  1895,  for  the  purpose  of  noting  the  change  in 
the  slope  of  the  water  surface.  The  rods  were  read  until  July  10, 
1898,  when  on  account  of  the  shifting  of  the  bed  of  the  river  they 
were  abandoned  and  a  new^  gage  was  installed  on  the  east  side  of  the 
Main  Street  Bridge.  From  this  bridge  all  the  discharge  measurements 
were  made  until  the  season  of  1902. 
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rbannel  at  this  point  is  excellent,  and  it  would  lie  of  vorv  j^reat 
<>  the  entire  division  to  have  a  |>ermanent  station  of  eonerete 
»hed  here.  The  channel,  which  is  of  bowlders  and  ^rnivel,  is 
tl  by  high  masonry  walls,  so  that  there  is  little  change,  except 

tills  during  low  water  and  scours  out  during  high  water. 
w  of  the  stream  is  rapid,  but  not  too  swift  for  accurate  meas- 
its.      This  station  is  an  important  one,  being  IcK'ated  near  the 

the  principal  irrigation  portion  of  the  valley,  only  one  ditch  of 
iiico  iHMng  taken  out  above  it  in  the  Pueblo  district,  although 
nible  water  is  used  in  the  ditches  in  the  neighlmrliood  of  Can- 
liieh  is  in  another  water  district.  It  is  upon  the  gagings  made 
jK>iiit  that  the  water  superintendents  and  commissioners  dej^end 
:ri>>ution  of  water  to  ditches  below. 

injrs  were  made  at  Main  street  bridge  until  Man*h  H,  11>(H),  when 
to  the  scouring  of  the  channel  it  became  necessary  to  replace 
ire   >>y  one  about  60  feet  below  the  south  end  of  the  Dnion 

bridge.     This  gage  was  a  2  by  G  inch  vertical  timl>er,  bolted 

e   former  rod  to  the  masonry  wall  and  graduated  to  feet  and 

On  June  18,  liMH),  this  rod  was  connected  with  a  bench  mark 

coi>ing  at  the  northwest  corner  of  the  Union  avenue  bridge, 

was  found  to  l)e  IJ^.TO  feet  a>>ove  the  zero  of  the  rod.  In 
.  11M)2,  another  rod  exactly  similar  to  the  one  last  mentioned  was 

in  a  vertical  position  to  the  masonry  wall  on  the  right-hand 
f  the  river  about  30  feet  above  the  south  end  of  the  Union 
'  bridge.  All  gage  heights  up  to  July  14,  1902,  were  taken 
the  rod  just  below  the  Union  avenue  bridge.  After  July  14, 
the  readings  were  taken  from  the  rod  above  the  }>ridge,  the 
iitions  on  the  fonner  rod  being  too  dim  to  be  read  at  low  water, 
erence  of  0.2  of  a  foot  existed  between  the  two  rods  when  the 
ne  was  set,  the  new  rod  reading  0.2  of  a  foot  higher  than  the  old 
In  all  the  discharge  measurements  made  during  li)02  the  gage 
:  was  taken  from  the  new  rod  above  the  Union  avenue  bridge, 
bserver  during  1902  was  T.  J.  Burrows,  water  commissioner  of 
leblo  water  district. 

Dii^rhnrge  mewmremtixt^  o/  ArkanjMs  River  at  PneUn,  Colo. 


Date. 

Hytln»Knipher. 

Ffil.         S<r 
l.SO   ' 

:{.:{0 

1.80  ' 
1.60  j 

2.05  \ 

clmrRi'. 

1902. 
> 

J  E.  Field 

220 

C.  W.Beach 

do 

.I.E.  Field    

1,823 
193 
130 

24 

»>er  1 

bf-rl^/ 

M.C.  Hinderlider 

a  W.BvHch 

....(In 

358 

132 
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IhtUy  ijwje  height^  in  feet ^  of  Arkafi»ts  River  at  Jhieftlo,  Colo. 


Day.  I  Jan.  '  ¥vh. 

I  I       _' 

"    ~     \'       '\ 

1902.                                                  ;  ! 

1 1  -1.20  4.20  I 

2 2.20  j  3.70  , 

3 2.20  3.70 

4 2.30  3.fi0  I 

6 2.30  3.f>0 

6 2. 20  3.  fiO 

7 2.25  3.50  I 

8 2.-25  3.70  I 

9 2.10  3.70 

10 2.10  i  3.50  ' 

11 2.10  3.70 

12 2.15  I  3.  SO 

13 2.10  3.70 

14 2. 10  3.40 

16 2.10  '  3.25 

16 2. 10  2. -20  ' 

17 2.10  2.70 

18 2. 30  '  2. 20 

19 2.30  2.15 

20 2. 20  2. 10 

21 2.10  I  2.10 

22 2.05  I  2.10 

Zi I  2.00  1.95  ' 

24 2.10  i  l.K) 

25 2.  lU  1.70 

2G I  2. 15  2. 10  ' 

27 2.  15  2.  lU 

2x '  2. 2t)  2. 10 

29 2. 20    

W 2. 20  ' 

31 2. 20    

I 


Mar.    Afpr     Mit^ 


2.10 
2.10 
2.00 
2.00 
1.90 
2.00 
2.10 
2.00 
2.00 
2.05 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.90 
1.95 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
l.iK) 
1.90 
1.90 
1.90 
1.90 
J. SO 


l.so 

LHO 
1.W 
l.W 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
l.SO 
l.HO 
1.80 
2.00 
2.00 
1.90 
l.SO 
1.90 
2. 10 
2.  (M) 
2.  (K) 
2.  (X) 


JUI»«, 


•L&b 

tm 

tm  j 

|2.c.5] 

2.65 

3.W  ■ 

3.40 

'  3.40 

;  3.40  ' 

3.40 

i  I 

3.  40 

3.40  { 

I  3. 40 

3.40 

3.:«  i 

3.05 

I 
2.M5 

'  2.60  I 

2.40 

2.:u) 

I  2.20 
2.  40 


2.  70 
2.  70 


:2.^ 
3.60 

2.m 

2,70 
2.  to 
2.70 
'LIQ 
'iTO 
2. 55 
2.50 
2.70 
2.67 
2.65 
2.65 
2.60 
2.65 
2.50 
2. 35 
2.30 
2.40 
2.:K) 
2. '20 
2. 20 
2.10 
2.00 
l.<*0 
2. 20 

2.  ;vs 

2. 00 


JulyJ  Aiiff.  Sept.    iX'i.    .Xmv   iJi< 


2LW 

2.QA 

i.m 

1.70 
1,70 
1.70 

2.05 
1.70 
1.70 
2.00 
1.60 
1.60 
2.02 
2.30 
2.30 
2.20 
2.30 
2.10 
2.10 
2.00 
1.K5 
l.so 
1.70 
2.20 
l.eiO 
1.50 
1.30 


1.30 
1.40 
1.75 
l.HO 
8.10 
3.00 
2.70 
2.30 
2.30 
2.30 
2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.80 
1.80 
2.35 
2.25 
2.30 
2.10 
2.30 
3. 45 
2. 10 
1.90 
2.00 
2.25 


!  -i.-^ 

1.90 

2.00 

'  2.00 

2.00 

'  2.00 

2.00 

•  2.00 

2.00 

1.90 

1.90 

1.90 

2.00 

1.90 

2.00 

2.00 

2.00 

2.00 

2.00 

\  2.00 

j  2.25 

'  2. 15 

'  2.10 

2.10 

2.10 

;  2. 10 

1.90 
I  1.90 
'  2.00 

2.00 


2.00 
2.00 
2. 10 
2.10 
2. 10 
2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.10 
2. 10 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 


-J.  ||- 
■J  ]ii 
t  ]0 

iiu 

2.HJ 
2,10 
2.111 

2A9 
2-  ]0 
2.10 
2.00 
U.JU 
\LW 


■J.  IIS 

-.:.  jt  ' 

1.  20 

2,  10  I 
2. 10  I 

2.15  I 
2,10  I 
2.10 
2.10 
2.10 


»1 


3.; 

2.31 


I 


lUithnj  tdhh'  for  Arhnv<ti.^  Klnr  of  Pftthht^  Colo. ^  for  190^. 


Gage 
heiKht. 

DisclmrKi*. 

Gagf 
hoiglil. 

Discharge. 

1 

hi'iKhl. 

1 

Oi.schargo. 

1 

(Jage 
'    height. 

Discharge. 

hWt. 

Srcoud-fnt. 

F.i. 

Sfrin\il-Jr,t. 

Ffft. 

.*v  coU(l-/rrt. 

Ffet. 

>iectmd-/ert. 

1.0 

20 

3.0 

OK.=S 

1       5. 0 

3,  523 

7.0 

6,5;^ 

1.2 

43 

3.2 

1,205 

5.  2 

3,811 

7.2 

6,855 

1.4 

80 

3.4 

1,443 

.       5. 4 

4,  103 

7.4 

4,176 

!.(> 

121> 

3.  (> 

1,»>87 

5.  () 

4,  398 

7.6 

7,501 

1.8 

IW  . 

3.  S 

1,931 

'       5. 8 

4,  696 

7.8 

7,829 

2.0 

2a'S 

4.0 

2,175 

1       6.0 

4,996 

8.0 

8, 157 

•>  •) 

3()0 

4.2 

2,  425 

0.  2 

5,  :^X) 

8.2 

8,485 

2.4 

481 

4.4 

2,  t>85 

.       0.4 

5,  605 

8.4 

8,813 

2.H 

H25 

4.H 

2,  957 

6.  (> 

5,  913 

:{n 

4.8 

3,  238 

1       (i.8 

(),  224 

\ 

\ 

rp.K] 
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E^imaUd  motithly  discharge  of  Arkan9as  River  at  Puehlo,  Colo, 
[Dndnage  aretk,  4,600  square  miles.] 


I 


Diachar^  in  second-feet. 


Month; 


1902. 


Boar}' . 
Ii^bnian' 

rh... 

ril.... 

Hy  .... 


Maximum. 


bptember. 
fctober  ... 
Ibvember . 
llBcember  . 


The  year 


Minimum. 


417 

425 

310 

310 

443  I 

791 

382 

321 

360 

:m 

417 


Mean. 


285 
158 
190 
190 
265 
225 
60 
60 
225 
265 
265 
287 


Total  in  acre- 
feet. 


8,321  I 


60 


343 
1,070 
258 
234 
876  j 
543  I 
277  I 
613  I 
271 
311 
307 
333 


453 


21,090 

59,425 

15, 86:^ 

13,924 

53,863 

32,311 

17,032 

37,692 

16, 126  i 

19, 123  i 


Run-off. 


Second-feet 

pcrrauart^ 

mile. 


18,268  ! 
20,475  ! 


325, 192 


0. 075 
.  231 

.m\ 

.051 
.190 
.116 
.060  I 
.13;^  ! 
.059  ; 
.0«)8 
.0*57  ! 
.  072 

.098 


Depth  in 
inches. 


0.086 
.241 
.065 
.057 
.219 
.129 
.069 
.  153 
.0(m 
.078 
.075 
.083 

1.321 


ARKANSAS  RIVER  NEAR  CANYON,  COLO. 

This  Station  is  located  at  the  Hot  Springs  Hotel,  li  miles  west  of 
"Caoyon  and  a  short  distance  below  the  mouth  of  drape  C-reek. 
Observations  at  this  point  were  begun  on  April  17,  1881),  the  station 
being  established  here  by  Robert  Robertson.  The  record  has  been 
maintained  sine^.  that  time,  with  occasional  breaks  due  to  absence  or 
change  of  observer.  The  station  is  of  special  importance,  being 
located  at  the  mouth  of  the  canyon  and  at  a  i)oint  pi-acticall y  above  all 
of  the  irrigation  ditches,  except  the  Canyon  City  ditch  (sometimes 
called  the  North  Side  ditch)  and  the  South  Canyon  ditch  (sonu^times 
called  the  South  Side  ditch),  l)oth  of  which  head  above  the  station. 
During  the  irrigation  season  each  of  these  ditches  carries  from  25  to 
^  cubic  feet  of  water  per  second,  according  to  the  needs  of  the  irri- 
gators, and  their  discharge  should  be  added  to  the  discharge  at  the 
station  in  order  to  obtain  the  total  run-off  at  the  mouth  of  the  canyon. 
This  site  was  used  in  1888  for  a  gaging  station  by  the  State  engineer 
of  Colorado,  and  is  highly  favorable  for  obUiining  accurati^  measure- 
ment. The  channel  of  the  river  is  straight  for  several  hundred  yards, 
both  above  and  telow,  and  the  current,  though  swift,  is  not  too  great 
at  high  water  nor  too  sluggish  at  low  stages  for  satisfactory  results. 
The  \tiinks  on  both  »idea  are  high  and  are  not  overflowed.     T\\e  e,TO%6 
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section  is  regular  and  has  not  ))een  subject  to  notable  changes,  excep"^ 
on  the  right  bank,  near  the  gage,  where  a  sand  bar  has  formed  at  timess 
of  low  water. 

The  gage  rod  established  by  Mr.  Kobertson  was  of  2  l)y  r>  inch  timber*^ 
inclined,  and  attached  to  the  crib  of  an  old  bridge  on  the  south  or  rights- 
band  side  of  the  river,  almost  directly  in  front  of  the  hotel.     Ther^ 
were  two  l^ench  marks:  No.  1,  on  the  top  of  a  log  of  the  cril);  eleva*— 
tion,  10.01  feet  al>ove  the  datum;  No.  2,  in  the  cleft  of  a  red  l)Owlde:»* 
at  the  foot  of  a  charred  stump  50  feet  downstream  and  on  th(*  sam^ 
side  of  the  river;  elevation,  9.(50  feet.     On  April  18,  1891,  the  statiois 
was  inspected  by  Frank  Tweedy,  and  a  third  bench  mark  wits  ostal>- 
lished,  this  l)eing  a  l)edded  rock  40  feet  from  the  north  end  of  the 
cable,  toward  Hot  Springs  Hotel  and  10  feet  from  the  river  bank.     It 
is  marked  "B.  M.  No.  3,  U.  S.  G.  S.,''  and  is  15.98  feet  above  the 
zero  of  the  gage.     The  present  observer  is  Dr.  J.  L.  Prentiss. 

The  measurements  were  at  first  made  from  a  car  suspended  from  a 
cable  stretched  across  the  river,  the  bridge  from  which  measurements 
were  originall}^  made  b}'  the  State  engineer  having  been  destioyed. 
Later  a  new  suspension  bridge  was  constructed  in  front  of  the  hotel, 
necessitating  the  removal  and  replacement  of  the  gjige,and  subsequent 
measurements  were  made  from  this  bridge,  which,  having  a  dear  span, 
offers  no  obstruction  to  the  current.  On  October  4, 1895,  it  was  found 
that  the  top  of  the  gage  had  been  broken  off,  necessitating  its  renewal 
for  readings  during  high  water.  The  channel  was  found  to  be  filled 
with  sjmd  and  gmvel  in  front  of  the  gjigc*,  requirino-  considerable  work 
in  order  to  make  the  water  flow  to  the  rod.  It  was  decided,  thert^fore, 
to  put  in  a  new  gage  where  the  streanj  could  not  deposit  material.  A 
point  was  chosen  about  100  feet  lielow  the  bridge,  on  the  left  bank, 
and  a  crib  was  l)uilt,  anchored  in  plaee  by  rocks  and  ]K)lts,  the  lower 
end  of  the  gage  being  fastened  to  it.  The  upper  (Mid  of  the  inclined 
portion  was  attached  to  a  junipcM*  tree.  On  December  27,  lst»r>,  the 
station  wjts  inspected,  and  it  was  found  that  readings  had  bc^en  made 
from  the  old  rod,  which,  at  the  stage  of  water  prevailing,  recorded 
about  0.40  of  a  foot  above  the  new  hkI  on  the*  opposite  side  of  the  river. 
When  the  water  is  high  and  extends  with  un))r(>ken  surface  from  bank 
to  bank  the  readings  are  the  same,  but  at  low  water  the  observations 
on  the  old  rod  are  misleading,  owing  to  the  a<*cuniulation  of  sand  and 
gravel  in  front  of  it. 

On  August  'JO,  1902,  owing  to  the  shifting  of  the  channel  a  new  rod, 
consisting  of  4  by  4-inch  timber,  was  placed  in  an  inclined  position  on 
the  north  or  left  bank  of  the  river  at  the  site  of  thc^  previous  rod  just 
Iwlow  the  north  end  of  the  suspi^nsion  bridge.  The  rod  on  this  date 
read  j)ractically  the  same  as  the  old  rod.  The  b(»nch  mark  is  th(»  top 
point  of  a  gmnite  boulder  emlx^dded  in  the  earth  tlo  feet  east  of  the 
south  end  of  the  bridge^  and  about  lo  fe(»t  fronj  the  south  bank  of  the 
j'jvcr.      The  xoro  of  the  rod  is  1(5. (C)^  fret  l)elow  the  bendi  mark. 


\ 
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The  following  discharge  measurementn  were  made  during  1902  by 
J.  E.  Field  and  M.  C.  Hinderlider: 

April  21:  Gage  height,  2.20  feet;  discharge,  323  second-feet. 
July  26:  Gage  height,  1.60  feet;  discharge,  165  second-feet. 
August  26:  Gage  height,  2.00  feet;  discharge,  226  second-feet. 

Daily  ga^e  height,  in  feH,  of  Arhmms  River  near  Canyon^  Colo. 


• 


t^J. 

J»i. 

F«l)- 

Jt&r, 

Aiir. 

Ki^r. 

June, 

juir. 

Auif. 

2.20 
2.15 

2.00 
2.00 
2.00 
2.00 
1.95 
1.90 
1.90 
1.90 
1.90 
1.90 
l.iO 

i.« 

1.90 
1.90 
1.90 
1.90 

i.eu 

2.10 
■i.J«J 
2.20 
2.15 
2. 15 
U.  10 
J.  05 
ZW 
2.00 
2.05 

Got. 

2.10 
2.20 
2.20 
2.20 
2. 25 
2.30 
2.20 
2.20 
2.20 
2.20 
2.26 
2.25 
±-^ 
2,20 
2.2M 
2.30 

2.3U 

±m 
2,;*o 

zm 

2.30 
2,20 
2,30 
2.20 
2.20 
2.m) 
2.25 
2.20 

Nov. 

2.30 
2. '25 
2.20 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2.1.) 
2.20 
2.20 

2,:;o 
2.3U 
2.») 
2.20 
2.L«0 
2.20 
2.90 
2.»6 

2,ao 

2.20 
2.20 
2.20 
2.20 
2.20 
2,30 
...... 

l)w. 

IW? 

1                     

2.30 
2.30 
^30 
2-30 
iL« 
2.20 

^30 

f.® 
2.20 
2.30 
2.90 
2.30 
3.30 
2.80 

^ao 

2.20 

^20 
2,20 
2,20 
2.20 
2,20 
fl.90 
%» 

2.ao 

2.20 

2.U0 

2.30 
2.30 
2.30 
2,30 
2.30 
2.30 

2.90 

%m 
2.30 

3.30 
2,30 

2.40 
2.40 

%iQ 
2.40 
2.60 
2,45 
Z40 
2.30 
2.20 
2.20 
2,10 
2.10 
2.00 
2.0O 
^,00 
2.00 

2.10 
2.10 
2J5 
2.10 
2.00 
2.00 
2:.  00 
2.10 
2.10 
220 
2.26 

2.3S 
140 
2.»1 
2.60 
2.75 
2.«0 
3.00 
3.  IS 
3.25 
8l«0 
3.«0 
3.7& 
3.70 
3.  TO 
3.60 
3.Tfi 
3.  fig 
3.fi0 
3,40 
3.20 
2.90 
2.70 
2.&5 

2.60 
2.d0 

3.05 

a.  00 

2,9& 
2.00 
2.00 
2,90 

2,ftft 

2.  no 

2.30 
2.30 
2.30 
1.8« 
I.  HO 

1.5H 

].W 
1,90 
2.00 
.L40 
*J,75 
2.05 
1,7X 
1.70 
1.  (V2 
l.tD 
1.70 
1.65 
1.70 
1.75 
1,W 
1.H0 
1.S0 
1,**0 

i.m 

2  00 
1.90 
1.90 
2.30 
3.00 

2.<yv 

2.40 
2.3-"» 
2.2S 

2.30 

f ........ 

I.,.., 

2.40 
2.40 

f 

2.40 

a„,. 

2.30 

f.. 

2.30 

2.30 

1...     ..   .,,.,,.„.... 

2.75  ,  2.00 
2. 00  ;  2.2'i 
2.00     l.W 

2,90 '  t.m 

2.90  1  l.?i 
2H0     1.08 
2,80     1,<J2 
-2.80  '  IfUi 

2.30 

t ._... 

^30  1  2.ao 

2.^  ^  !LJn 

2.30 

M, , 

2.30 

11..*.. 

lf_.      ,, ...„ 

2,30 
2.30 
2,30 

2.30 
2.30 
2,30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
13» 
2.80 
2,30 
2.30 
2.30 

±m 

2.30 
2.30 
2.30 
2.») 
2.30 
2.30 
2,»0 
2.30 
2.  SO 
2.40 
2.40 
2.10 
2.40 
%4D 
2.40 
2,40 
2.40 
2.40 

•2.20 
2.20 

S ,._ 

2.20 

M.                         ...,,.... 

2.35 

i. 

2.40 

M,.    _. 

2.30 
2,70 
2,70 

2.eo 

25& 
2.50 
2.35 
2.20 

1.S5 

i.a) 

l.iS 
2.40 
2.10 
2.25 

2.15 

If.,                          -*.... 

2.60 

11 ,. 

1.. -. 

M..    ..  .  „„,._._.. 

240 
2.35 
2.30 

I ...  -. 

n,               

2,30 
2,40 

a.      .            -. ..* 

2.40 

M. , 

2.05  1  1.95 
2.10     l.flft 

2.50 

IS. . 

2.50 
2.15 

IP..,.,.....,...,.., 

>l...,. 

3,15     2.W  1  L.=W 
3.3!%  '  2.50  \  l.hU 
XOO  1  ■'  -iS     1  J"2 

2.40 
2.30 

3                                      .... 

2,20 

»,„„,.,. 

3,00 
3,00 

•Lid 

2.10 
2.15 

Rating  table  for  Arkanaas  River  near  Canyon,  Coin.,  for  1902. 


he^t. 

DinchaiKe. 

Gage 
height. 

Discharge. 

Gage 
height. 

DiMt^harge. 

hei^\. 
1      Fed. 

Diwhargo. 

FtH. 

Second-feet. 

Feet. 

Second/fft. 

Ftrt. 

SiToml-feti. 

1.0 

62 

1.7 

ia5 

2.4 

:^oo 

1        3.1 

716 

1.1 

78 

1.8 

206 

2.5 

393 

;      3. 2 

791 

1.2 

94 

1.9 

22S 

2.() 

432 

!       3. 3 

H72 

1.3 

110 

2.0 

252 

2.7 

476 

1       ^'"^ 

957 

1.4 

128 

2.1 

277 

2.8 

527 

i       3.5 

1,046 

1.5 

146 

2.2 

30:3 

2.9 

584 

1       3. 6 

1,139 

1.6 

165 

2.3 

1 

331 

3.0 

647 

:       3. 7 

1^ 

1,236 
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EdimaUd  monthly  (litharge  of  Arkawns  River  near  Oanyon,  Oolo, 

[I>raina«re  area,  3,060  nqiukrc  miles.] 


[so.  81 


Month. 


1902. 


January 
February . . 

March 

April 

May 

June 

July 

August 

Septem})er. 
October  ... 
November . 
December  . 


The  year  . 


DiACharKe  in  second-feet. 


I 


Maximum. 


3:n 

331 
360 
393 

681 

360 

647 

303 

345 

:)45  I 

393  ! 


Minimum.  ' 


Mean. 


Total  in  acre- 
feet 


303 
3a3 
331 
228 
345 
264 
128 
161 
228 
277 
277 
277 


1,286  I 


128 


317 
325 
337 

294 
757 
481 
229  1 
270  I 
254  I 
313  I 
294  ; 


342 


351 


Rnn-olf. 


Second-feet   n^^,^ ,_ 


19,492 
18,050 
20,721 
17,494 
46,546 
28,622 
14,081 
16,602 
15, 114 
19,246 
17,494 
21,029 


254,491 


0.104  I 
.106  I 
.110  I 
..096  I 
.250  I 
.157  I 
.075  I 
.090  j 
.083  I 
.102  , 
.100 
.112 


.115 


0.12 
.11 
.18 
.11 
.29 
.18 
.09 
.10 
.09 
.12 
.11 
.13 


1.58 


ARKANSAS   RIVER   AT   SALIDA,  COLO. 

This  station  is  located  at  the  footbridge  near  the  railroad  shops  at 
Salida,  Colo.     It  was  originally  established  by  the  Denver  and  Kio 
Gnmdellailroad  April  11,  181*5.     The  original  gage  rod  was  a  vertical 
timber  fastened  to  the  north  side  of  the  footbridge.     Considerable  diffi 
culty  was  experienced  by  its  being  knocked  out  by  ice  and  by  logs  during 
high  water,  and  a  new  inclined  gage  rod  was  put  in  place  during  the 
spring  of  1901  by  J.  E.  P'ield,  consisting  of  a  i)  by  G  inch  oak  timl)er 
fastened  to  the  noi-th  trestle  of  the  bridge,  the  graduations  being, 
extended  by  marks  on  the  trestle  above  the  timber.     On  July  31, 1901. 
the  gage  was  lowei-ed  and  set  farther  out  into  the  stream. 

Another  gage  was  established  at  this  station  on  August  27,  19(>2, 
the  zei-o  of  which  is  1.10  feet  below  the  zeio  of  the  old  gage.  The 
gage  heights  from  this  date  are  taken  on  the  new  rod. 

The  measurements  are  all  made  from  the  suspension  footbridge  Vmck 
of  the  Denver  and  Rio  Gmnde  Railroad. 

The  banks  are  high  and  do  not  overflow.  The  l)ed  of  the  stream 
consists  of  sand,  gmvel,  and  boulders.  Two  large  boulders  interfere 
to  a  great  extent  with  the  accuracy  of  the  results.  As  the  station  is 
an  important  one,  these  })Oulders  should  be  removed,  so  as  to  improve 
the  chai'acter  of  the  channel,  and  thus  render  the  results  of  me^.sure- 
ments  more  reliable.  The  stream  is  very  swift  at  this  jwint,  but  the 
channel  is  straight,  and  the  discharge  can  readily  Ue  measured  from 
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the  footbridge.  Little  water  is  used  above  Salida,  and  none  is  used 
below  that  place  until  Canyon  is  reached.  The  obsen-er  is  William 
Fumiss.  The  gage  heights  have  be^n  sent  to  the  local  forecast  official 
of  the  Weather  Bureau  at  Denver,  who  has  had  them  published  in  the 
morning  papers. 

DMiarge  measurnnmU  of  ArkariMU  Rher  al  Stilulaf  Coio. 


Date. 


1902. 


Hydrufnnpher. 


J.  E.  Fielil  . 


Apnl  11 

April  12 ! do 

Mays ! do 

3iUyl9 ! do 

May  12 |  M.  C.  Hinderlider  . 

Julv26 ' do 


Gagf 

Diwhancv. 

Fni. 

Srntnd-ft  ti. 

o.r>5 

273 

.5.') 

286 

1.40 

706 

1.80 

1,144 

2.20 

1,804 

.:^o 

224 

Daily  gage  Iieighl,  infeetf  of  ArkaiMut  Hirer  at  Sitlitin^  CUo. 


Day. 

Apr. 

May. 

0.75 
.85 
.95 

June. 

1.  .. 

19Q2. 

0.10 
.10 
.10 
.10 

1.46 

2 --- 

1.60 

3 

1  SR 

4 

1.10  '      1.80 

.1... 

1.10  ■      1.30 

f 

1.30  i      1.30 

June.  '  July.       Aiy?.   .   Sept.       Oct. 


».. 
10.. 
11.. 
12.. 
W.. 
».. 
15.. 
16... 


19.. 
2D.. 
21.. 

•a.. 

3.. 
24.. 
25.. 
26.. 


.90  ! 

.90  I 

.30 

.25 

.20 

.20 

.20 

.20 

.20 

.10 

.10 

.10 

.20 

.35 

.45 

.35 

.30 

.30 

.30 

.35 

.45 


2K                                  

'        r-) 

•J9.                          

..TO 

.U 

tJO 

31                                         

0.75 

1.45 

O.HO 

0.20  i 

1.20 

1.10 

.85 

1.60  1 

.70 

.25  ; 

1.30 

1.10 

.95 

1.35; 

.55 

.:jo 

1.20 

1.-20 

1.10 

i.ao; 

.45 

.30 

1.05  ' 

1.20 

1.10 

1.30 : 

.40 

.35 

1.00 

1.20 

1.30 

1.30 

.35 

.40 

1.00 

1.-20 

1.55 

1.30  ' 

.30 

.40 

1.00 

1.20 

1.60 

1.30 

.'.^ 

.30 

1.00 

l.'iO 

1.60 

1.20 

.2.'> 

.'JO 

l.W» 

1.20 

1.70 

1.20 

.20 

.20 

1.00 

1.-20 

I. HO 

1.20 

.20 

.20 

1.00 

1.20 

1.S5 

1.20 

.20 

.•20 

1.00 

1.20 

2.00 

1.10 

•20 

.20 

1.00 

1.15 

2.05 

1.10 

.20  ; 

.lol 

1.00 

1.10 

2. 10 

l.ft") 

.20 

.10 

1.00 

1.10 

2. 10 

1.00 

.!.-» 

.10 

1.00 

1.00 

2.00 

1.00 

.10 

.10 

.90 

1.00 

2.00 

.90 

.10 

.10 

.HT, 

.9.-> 

1.75 

."') 

..'lO 

.15 

.H) 

1.00 

1.55 

.70j 

.«M) 

.40 

.«0 

i.a'. 

1.15 

.70 

..V) 

.GO 

.80 

1.00 

.»5 

.</)  ' 

..')0  . 

.  5,') 

1.15 

1.00 

.90 

.00 

.40  , 

.:i5 

1.25 

l.tt-> 

.90 

..v> 

.:u»  > 

.:«) 

l.*20 

1.10 

.»->. 

.50  ■ 

.2-'>  1 

.:« 

i.i:> 

1.10 

1.20 

.TK)  ' 

.  ir.  1 

.30 

1.10 

1.10 

1.5() 

70  ' 

.10  1 

"i.:U) 

LOT. 

I.a-) 

1.45 

.70 

.10 

l.-i5 

1.10 

MNI 

1.45 

..SO 

.10  ; 

I. -JO 

1.10 

.90 

l.tiO 

.HO 

.10 

1.20 

1.10 

.90 

1.40 

.20  ; 

1.20  . 

.90 

«New  rod  placed  cm  thin  date.    Old  nui  n'ut)  U.2/«ir»r;  iifw  ru<i  rt'Hd  1.30  (eel.    The  hel^hlK  twm 
IhJs  thoe  oa  Are  nmd  from  the  new  njd. 
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Bating  table  for  Arhamas  Rkier  at  Salida^  Ooh.,  far  190f.<t 


[Mast 


hdl^t 

IMwliuKe. 

mSi- 

I>iaeluu8e. 

hl8S?t. 

faelgSt. 

Diflchuge. 

JM. 

aeeond^eeL 

FuL 

Seamd^eH. 

FM, 

Seamd-ftH, 

FixL 

Setxmd-feeL 

-0.3 

140 

.5 

268 

1.3 

622 

2.1 

1,615 

-  .2 

150 

.6 

293 

1.4 

702 

2.2 

1,799 

-  .1 

162 

.7 

320 

1.6 

798 

2.3 

1,991 

.0 

175 

.8 

353 

1.6 

906 

2.4 

2,188 

.1 

190 

.9 

393 

1.7 

1,024 

2.6 

2,388 

.2 

206 

1.0 

441 

1.8 

1,150 

.8 

224 

1.1 

494 

1.9 

1.287 

.4 

245 

1.2 

554 

2.0 

1,442 

•This  table  Si  nfemd  to  the  old  gage.   In  nsiiig  it  1.10  feet  were  fubtrKOtecl  from  all  gage  helghli 
after  Angiwtas. 

E^HmaUd  vumOiSty  diMduntge  qf  Arkaruaa  River  at  Salida,  Colo. 
[Drainage  area,  1,160  aquare  milen.] 


1902. 

April 

May 

June 

July 

August 

September... 
October 


DiMSliaige  in  aeoond-feet. 


Xazimnm. 


293 
1,615 
798 
363 
293 
206 
190 


Minimum. 


190 
336 
268 
190 
190 
140 
160 


Mean. 


219 
862 
467 
229 
217 
168 
174 


Total  in 
acre-feet 


13,a31 
52,387 
27,788 
14, 081 
13, 343 
9,997 
10,699 


Run-off. 


'"'m'Se"'~ 

Depth  in 
inches. 

0.19 

0.21 

.73 

.84 

.40 

.46 

.20 

.2:^ 

.19 

.22 

.14 

.16 

.15 

.17 

Miiicellanemtii  mewmrements  in  the  Arkamas  /?tivr  drainage  iMuthi  for  1902, 
[Made  by  W.  P.  Edwards.] 


Date. 


July  11 . 
July  12. 


stream. 

Locality. 

Dist'harRe. 

Trout  Creek 

Newell 

Mount  Princeton.. 

Srcoitd-fid. 

.1                       4 

Chalk  Creek 

17 

1 
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KKD  KIVER  I>RArNrAGK  BA8IX. 

The  headwaters  of  the  Red  River  include  wevei-al  forks,  all  of  which 
have  their  sources  in  northern  Texas.  Red  River  takes  a  geneial 
easterly  direction  along  the  northern  boundary  of  Texas,  and  then 
turns  toward  the  southeast  and  flows  through  a  low,  swampy  region 
in  Louisiana  into  the  Mississippi,  not  far  from  the  southern  lx>undAry 
of  Mississippi.  The  Washita  River  rises  in  northern  Texas,  crosses 
southern  Oklakoma,  and  flows  into  the  Red  River  in  the  southern  jwirt 
of  Indian  Territory,  about  10  miles  from  Denison,  Tex. 

The  Sulphur  Fork  of  the  Red  River  has  its  headwaters  in  Hunt  and 
Fannin  counties,  flows  eastward,  forming  the])oundary  lietween  Delta, 
Red  River,  and  Bowie  counties  on  the  north,  and  Hopkins,  Fi-anklin, 
Titus,  Morris,  and  Cass  counties  on  the  south,  and  empties  into  the 
Red  River  in  Arkansas  al)out  7  miles  north  of  the  Imundary  line 
between  that  State  and  Ijouisiana.  The  flow  of  this  river  is  very 
unreliable,  changing  with  the  rainfall.  If  the  summer  is  at  all  dry  it 
ceas<\s  to  flow  altogether,  Imt  there  always  remains  enough  water 
standing  in  pools  to  water  stock.  During  or  innnediately  after  pro- 
tracted or  unusually  heavy  i*ains,  the  river  becomes  very  wide  and 
deep,  floods  its  bottoms,  and  often  occasions  considera))le  loss  of  stock 
and  damage  to  planters  and  the  railroads. 

The  Big  Cypress  River  has  its  headwaters  in  Franklin  and  Titus 
counties,  flows  in  a  generally  easterly  direction,  and  empties  into  the 
Red  River.  The  flow  of  the  riv^er  is  unreliable,  varying  with  the  rain- 
fall. In  the  summer  it  ceases  to  flow,  be(»oming  dry,  except  in  those 
places  where  the  water  stands  in  holes.  After  long  or  heavy  rains 
the  stream  is  lia])le  to  overflow  its  banks. 

The  Washita  River  at  Anadarko  is  the  only  regular  stjition  in  the 
Red  River  drainage  basin. 

WASHITA    RIVER   AT  ANADARKO,    OKTA. 

This  station,  esta))lished  October  25,  1902,  hy  W.  G.  Russell,  is 
loaited  at  the  highway  bridge,  one- half  mile  noilh  of  the  Anadarko 
railroad  depot.  The  gage  is  of  the  usual  wire  type,  with  the  scale- 
))oard  graduated  to  feet  and  tenths,  and  spiked  to  the  hand  mil  of  the 
bridge.  The  initial  point  for  sounding  is  on  the  right  ])ank.  The 
channel  both  al)ove  and  below  the  sbition  is  straight  for  200  feet;  the 
right  Imnk  is  high,  and  the  left  Imnk  is  low;  both  ])anks  arc  lia))le  to 
overflow;  the  ])ed  of  the  stream  is  sandy  and  constant.  The  o])ser\'er 
is  James  11.  Dunlap,  who  re^ids  the  gJige  once  each  day. 

The  following  dis<'harge  measurement  was  made  in  ltK)2: 
OctohJer  25:  Cta^t^  height,  2.50  feet;  diwiharge,  171  8econ(i-feet. 
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Tkttly  gage  height^  in  feet ^  of  Washita  Rii^er  at  AnadarkOj  Okla. 


[so.  84. 


Day.                    r>ct. 

1 

Nov. 

Dec. 

Day. 

Oct. 

Nov. 

Dec. 

1902.                    1 

2.50 
2.70 
2.70 
4.30 
4.H5 
4.50 
3.50 
3. -20 
3.00 
2.80 
2.70 
2.70 
2.70 
2.70 
2.70 
2.60 

.    4.00 
3.80 
3.70 
3.60 
3.50 
3.40 
3.40 
3.30 
3.20 
3. -20 
3.20 
3.10 
3.10 
3.10 
3.30 
5.60 

1902. 
17 

1 
•2.60 
•2.60 
2.60  , 
•2.60 
•2.70 
•2.80  ' 
7.40  1 
9.20 
7.60 
6.70 
5.40  1 
4.80  1 
4.60  ' 

.«! 

! 

7. 2D 

2              

i« ; 

19 

•20 

21 

•22 1 

•23 

24                                           1 

6.10 

3 

4 

4.90 
3.90 

6 

6           ' 

3.70 
8.00 

7:::::: ' 

3.50 

A                                                       ' 

3  40 

9                   

•26 

3.30 

10       ! 

•26 

•27 

28 

29 

2.50 
•2.50 
•2.50 
•2.50 
2.50 
2.50 

3.*20 

11 

3.10 

12 ' 

3.10 

IS          

3.10 

"::::::::::::: 1 

30 

3.10 

16                                          .      ..  . 

31 

3.10 

16 

) 

Miscellaneous  mecunirements  in  tlu  Red  River  drahuige  fxisin. 


Date. 

stream. 

Locality. 

Dte- 
charge. 

1902. 
December  23 

Stilphur  Fork 

St    Louis    Southwestern 
Railroad    bridge,    near 
Naples,  Tex. 

St.    Ijoxus    South westt'm 
Railroad    bridge,    near 
Pittsburg,  Tex. 

Camden,  Ark 

See,-/M. 
«3,097 

December  24 

November  17 . 

Big  Cypress 

Ouftt'liitA 

^  101 
2,  477 

November  15 

Re<l 

Ciarlan<l,  Ark. 

18,627 

"Water  6  feet  (approximately)  above  normal  winter  level. 
f*  Water  2  feet  (approximately)  alwve  normnl  winter  level. 

WESTEKN  C4TrLF  DRAINACiE. 

Those  vstations  from  which  the  United  States  (reological  Survey 
has  obtained  data  during  1902,  and  which  are  located  on  rivens  which 
drain  into  that  portion  of  the  Gulf  of  Mexico  west  of  the  Mississippi 
River,  have  been  grouj^ed  into  the  following  dminuge  basins:  Sabine, 
Neches,  Trinity,  Brazos,  Colorado  (of  Texas),  (hiadalupe,  and  Rio 
Grande. 

SABIXE  IIIVER  DRAINAGK   liASIX. 

The  Sabine  River  has  its  headwaters  in  Collin  and  Hunt  counties, 
flows  in  a  soutlieasterly  direction  to  th(^  State  line,  then  south,  forming 
the  lw)undarv  ])etween  Texas  and  Louisiana,  and  empties  into  Sa})ine 
Lake,  an  arm  of  the  Gulf,  near  Orange,  Tex.     WhiMi  measured  on 
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December  25, 1902,  the  river  was  swollen  by  the  mins  of  the  previous 
two  months.     At  the  time  the  measurement  was  taken  the  river  was 
150  feet  wide  and  had  a  maximum  depth  of  19  feet,  which  was  said, 
by  those  residing  near  by,  to  be  about  3  feet  above  normal.     The  banks 
are  steep  and  the  river  is  deep  in  the  whole  cross  section.     Thedrain- 
tfe-mrea  of  the  Sabine  above  Orange,  Tex.,  is  10,400  square  mile^. 
The  principal  tributary  of  the  Sabine  is  the  Big  Sandy  River,  which 
rises  in  the  northern  part  of  Wood  County,  flows  southeast  through 
Wood  and  Upshur  counties,  and  empties  into  the  Sabine  River  near 
the  town  of  Big  Sandy.     The  stream  has  a  reliable  flow  throughout 
the  entire  year.     Its  flow  as  measured  December  25,  1902,  was  con- 
siderably in  excess  of  the  least  flow  of  the  stream,  because  there  had 
been  a  protracted  rainy  period  before  the  measurement  was  taken. 
There  were  at  one  time  three  mills  on  this  stream,  all  of  which  are 
now  abandoned  or  destroyed.     The  Seagore  mill  was  situated  about 
IW  yards  below  the  crossing  of  the  county  road  where  the  measure- 
ment was  made.     A  dam,  made  by  driving  piling  and  tilling  in  with 
stone,  was  used  to  store  the  water  and  give  a  greater  fall.     The  fall 
obtained  was  6  feet.     The  plant  fell  into  decay  and  was  finally  washed 
away  by  floods.     Almost  all  traces  of  the  mill  are  now  gone.     Three 
miles  farther  upstream  is  the  Silas  Smith  mill  site,  and  still  farther 
upstream  the  Kay  mill  site.     EsLch  of  these  mills  has  shared  the  same 
fate. 

MiaceJlaneous  meamiremerUg  in  the  Sabine  draimuje  b*mn. 


Date. 

Stream. 

Locality. 

Dis- 
charge. 

1902. 
December  25 

Sabine  River 

At  St.  Lonis  Southwestern 
Railroad  crossing. 

At  county  road  crossing,  2 
miles  northeast  of  Big 
Sandy. 

Sec.-ffd. 
1,150 

Do 

Big  Sandy  River 

iss 

NECHB8  RIVER  DRArNAGE  BASIN. 

The  Neches  River  rises  in  Van  Zandt  County  and  flows  through  the 
heavily  wooded  section  of  east  Texas  and  finally  empties  into  Sabine 
Lake  near  Beaumont.  Its  drainage  area  above  Beaumont  is  10,200 
scjuare  miles.  Its  largest  tributary  is  the  Angelina,  but  it  receives 
many  smaller  streams  in  its  course,  and  on  account  of  its  flowing 
through  a  timbered  section  the  flow  of  these  tributaries,  although 
small,  is  reliable,  and  many  of  them  support  small  water-i)ower  plants. 
These  plants  are  located  in  Van  Zandt,  Henderson,  Angelina,  San 
Augustine,  Houston,  and  Tyler  counties  and  are  to  be  taken  up  and 
described  later  in  a  special  report  by  T.  U.  Taylor  on  "The  Water 
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Power  and  Water  Supply  of  Texas/'  When  niCHsuFed  on  Septemlwr 
10,  11>()2,  the  water  was  what  is  termed  in  ejust  Texas  elear  water,  but 
it  had  th(^  leaf-stain  color  and  gave  a  ehroniine  color  to  white  object* 
beneath  the  surface.  Ne^ir  (frai)eland,  in  Houston  County,  the  San 
Pedro  has  its  head  and  almost  at  its  inc^jption  has  sufficient  w^ater  to 
support  the  water-jjower  plant  of  Ferguson  &  Weisingcr,  where  a 
12-foot  overshot  wheel  operates  a  gristmill  and  cotton  gin  of  50  saws. 

In  its  lower  sections  the  Neches  ]>ecomes  more  sluggish  in  its  flow, 
has  deep  w^ater,  and  partakes  of  the  bayou  chamctc^ristics  nearer  the 
Gulf.  Near  Beaumont  the  w  ater  from  Lake  Sa]>ine  sometimes  impreg- 
nates it  with  salt  water. 

The  princiiml  tributiiry  of  the  Neches  is  the  Angelina,  which  rises  in 
Smith  County,  flows  in  a  southeastwardly  direction,  and  empties  into 
the  Neches  near  TownblutT.  It  wjis  measured  December  27,  1902, 
after  protnu'ted  niins,  at  the  crossing  of  the  Houston  PLast  and  West 
Texius  Railroad,  alK)ut  !♦  miles  north  of  Lufkin,  Tex.,  }>y  Edwaixl  C.  H. 
Bantel.  The  flow  at  that  time  was  ronsidembly  above  the  average. 
This  is  considered  a  reliable  stn^im,  and  is  said  to  never  go  dry  at  thk 
point.  It  is  subject  to  floods  which  imindate  ext<5nsive  lx)ttom  lands, 
and  cause  considenible  damages 

MiH(rU(tne(mi<  nwnsunuunh  in  the  Xfrhet*  draiiwijf. 


'^'^'^'"'y-  I  ch';^. 


HH)2.  src.fot. 

I 

Soj)t(Mn])er  10 Njm-Im's IntiTiiational   ami    (iroat  ,  -^ 

Northern     Railroad  , 
hrid^o.  ' 

Do<'t*inlH*r  27 Vn^t'lina Xorlli  of  Liifkin l,Ht)l 


TRINITY   JMVKU  DltAlXACiK  HA81X. 

The  Trinity  Kivcr  risrs  in  ;i  network  of  sni:ill  streams  in  the  coun- 
ties of  Montnguc,  Wise,  iind  Parker,  hut  their  combined  capacity  at 
Dallas  is  not  siiflicient  to  keep  tin*  bottom  or  IkmI  of  the  stream  moist. 
The  United  Staters  (reological  Survey  maintained  a  station  at  Dallas 
for  a  time,  ))ut  it  was  abandoned  on  account  of  th(^  small  discharge. 
Below  Dallas  the  Trinity  flows  through  a  wooded  countiy%  and  conse- 
quently it  is  not  subject  to  the  sudden  Hoods  with  their  quick  run-offs. 

TRINITY    UrV?:R   AT    KIVKKSIDK,  TEX. 

The  drainage  area  of  the  Trinity  River  above  Riverside,  Tex.,  is 
1(),0(K)  s(juare  miles.  A  gaging  station  was  established  on  the  Trinity 
dt  Riverside,  Tex.,  in   Deccm})er,  ll>u2,  by  T.  U.  Taylor.     The  zero 
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«f  the  gage  is  66  feet  below  the  top  of  the  ties  (or  bane  of  rail)  in  the 
lorth  arm  of  the  draw  span  of  the  International  and  Great  Northern 
Iiilroad  bridge.  The  elevation  of  the  top  of  the  pivot  pier  aljove 
gi|^  datum  is  56.5  feet,  and  that  of  the  top  of  the  channel  of  the 
lower  chord  of  the  arras  of  the  draw  span  of  the  })rid^e  is  &2,U  feet. 
The  gage  consists  of  a  tagged  plumbers'  chain  to  which  is  attachcKl  a 
lead  weight  in  the  form  of  a  frustmn  of  a  cone.  The  JK>ttoni  of  the 
Ind  weight  is  marked  66,  and  every  foot  alK)ve  this  is  marked  with  a 
bnas  tag  giving  its  distance  in  feet  above  the  lK)ttom  of  the  weight. 
The  observer  at  Riverside  is  G.  W.  Higdou,  who  is  in  charge  of  the 
pumping  plant  of  the  International  and  Great  Northern  Itailroiul.  In 
reading  the  gage  it  is  only  necessary  to  let  the  lead  weight  touch  the 
water  and  then  read  off  the  distance  the  mark  or  ix)int  is  from  the 
upper  end  or  zero  mark  of  the  chain. 

I     The  following  measurement*!  were  made  during  1002  on  the  Trinity 

I  indits  tributaries: 

Septemlwr  10:  At  Riverside,  gage  height,  H  feet;  discharge,  UiO  nerond-feet. 
September  11:  Near  Oakwooil,  disc^harge,  120  Second-feet. 
September  11:  Elkhart  River,  4  miles  northwest  of  Gmpeland;  discharge,  4 
second-feet. 

BRAZOS  KIVER  DRAINACiE  BASIN. 

This  river  has  it8  source  in  the  Staked  Plains  region  of  western 
Texas,  and  has  a  general  southeasterly  course,  emptying  into  the  Gulf 
of  Mexico  south  of  the  mouth  of  Trinity  River.  Its  drainage  basin 
is  entirely  within  the  State  of  Texa«. 
I  Under  the  direction  of  Thomas  U.  Taylor  the  United  States  Gco- 
'  lexical  Survey  is  maintaining  stations  in  this  basin  at  Waco  and  Rich- 
mond, Tex. 

BRAZOS   RIVER  AT   WACO,  TEX. 

On  September  14,  1898,  a  gage  was  established  on  the  southwest 
hank  of  Brazos  River  at  Waco.  It  consists  of  an  inclined  iron  bar,  3 
inche.s  by  1  inch,  reading  from  0  to  4.3  feet,  bolted  to  a  hard-pine 
stick  16  feet  long,  embedded  in  cement  in  the  sloping  limestone  of  the 
bank,  flush  with  the  surface,  on  which  are  painted  the  graduations 
above  4.3  feet.  The  gage  is  inclined  to  the  horizontal  at  an  angle 
whose  sine  is  /y.  Three  bench  marks  have  been  established.  The 
first  is  on  the  lowest  water  table  on  the  southwest  pier  of  the  suspen- 
sion bridge,  and  is  marked  ''U.  S.  G.  S.  44.33  B.  M.''  The  hydrant 
at  the  corner  of  First  and  Austin  streets  is  at  an  elevation  (})\'  gage) 
of  43.32  feet,  while  the  top  of  the  rail  of  the  San  Antonio  and  Amnsas 
Pass  Railroad  a  few  feet  from  the  hydrant  is  at  an  elevation  of  41.12 
feet.  The  bed  of  the  river  is  shifting  sand,  and  lu^arly  every  freshet 
modifies  the  cross  section,  so  that  at  the  same  gage  heights  the  river 
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sometime^)  flows  in  one  and  sometimes  in  two  chainu?ls  under  tte 
suspension  bridge  from  whi(!h  the  measiin»monts  are  made. 

At  high  water  the  gage  reading  is  obtained  by  measuring  to  the 
water  8urfa<*e  from  the  top  rail  of  the  stiflfening  tmss  of  the  suspen- 
sion bridge  at  a  certain  point  when  there  is  no  load  upon  the  bridge^ 
and  by  taking  this  distance  from  47.8  feet. 

In  the  early  part  of  1902  a  new  camel-back  truss  bridge  of  one  span 
was  erected  across  the  Brazos  at  Waco  a  few  hundred  feet  above  the 
suspension  bridge.  This  new  bridge  crosses  the  river  at  an  angle  of 
76  degrees.  It  has  a  footway  on  the  east  or  downstream  side  that 
affords  excellent  facilities  for  measuring  the  flow  of  the  stream,  and 
there  are  no  midstream  piers  to  render  measurements  troublesome  or 
doubtful.  On  the  north  pier  of  the  new^  bridge  a  gage  has  been 
marked  off  to  agree  with  the  United  States  Geological  Survey  gage  at 
the  suspension  bridge.  The  top  of  the  cement  floor  of  the  new  bridge 
at  the  southeast  Imtter  brace  is  at  an  elevation  of  45.4  feet  with  respect 
to  the  United  States  Geological  Survey  gage.  High-water  gage 
heights  can  be  read  directly  from  the  gage  on  the  north  pier,  or  the 
distance  of  the  water  surface  can  })e  measured  from  the  cement  floor 
and  this  subtracted  from  45.4  feet  will  give  the  height  of  the  river 
referi^ed  to  the  gage. 

The  Brazos  reached  in  11>U2  the  lowest  stage  in  its  recorded  history. 
In  the  latter  part  of  1901,  from  December  28  to  31,  the  gage  reached 
the  low  mark  of  2.3  feet,  and  several  measurements  were  taken  at  this 
stage  of  the  river  to  determine  what  was  thought  at  that  time  to  l)e 
the  least  discharge  of  the  Brazos.  An  av(»rage  discharge  of  70  second- 
feet  was  then  found.  The  river  stood  for  seven  days  in  Jaiuiary  at 
this  height  and  then  fell  to  2.2  feet,  and  then,  in  the  latter  part  of 
January,  it  fell  to  2.1  feet.  During  the  first  part  of  February  the 
gage  stood  at  2.2  feet,  but  on  the  19th  of  February  again  dropped  to 
2.1  feet.  It  remained  at  this  height  until  March  7,  when  it  dropped 
to  2  feet,  the  lowest  mark  since  1898,  and  the  lowest  mark  ever  reached 
on  the  gage.  On  March  8,  1902,  the  flow^  was  nicjisured  by  Thomas 
U.  Taylor  at  a  point  200  yards  above  the  new  })ridge,  at  a  section 
where  the  stream  is  only  24  feet  wid(\  The  average  depth  wtus  7 
inches,  and  there  was  a  mean  velocity  of  l.H(>  feet  ptM*  second.  This 
gave  a  discharge  of  19  second-feet.  This  stage  of  the  river  continurd 
until  the  afternoon  of  March  11. 
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Diacharge  meamrements  of  Brazos  River  at  W7i«>,  Tex. 
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Date. 

1 

Hydrographer. 

Gaffe 
height. 

Dincharge. 

1902. 

Feet. 

titrontl/ect. 

Jumw  14  . 

C.  N.  C&mnhell 

2.29 

56 

'  JknuuT  22. 

do  . 

!>.  18 

47 

3larch8 

T.  U.  Tavlor 

1        l.»S 

20 

July  ^ 

do  . 

21.00 

70, 500 
26,700 

July  30 

do  . 

16.00 

Joly31 

do  . 

14.00           Ln),800 

Aogwtl.... 

do  . 

i     ll.HOJ         13,800 

AngiwtS.... 

do  . 

1       «.70             4,200 

September  5 

' do. 

4.90  1           1,730 

September  6 

do  . 

4.30 

1,230 

December  17 

do  . 

3.71 

892 

December  20 

.....do  . 

i       3.68 

1 

863 

iMtily  gfige  height,  in  feet,  of  Brazfut  River  iU  Waro,  Tex. 

D»r- 

Feb. 

M«r. 

Apr. 

May. 

June. 

July.    An  Jr. 
4.40  11.  a*^ 

Sept. 
».20 

rk-t.     Nov. 

4.Nft'  -i.m 

D*ii, 

IKtL 
1 

a.» 

2,20 

2.10 

4.^ 

2.7fi 

6.90 

5.  NQ 

1- 

2.a& 

2.i!0 

2.10 

4.60 

2.70 

7.  DO 

4.15     9.2.5 

S.td 

5.5S  1    2.MI 

7.65 

1«, .„... 

„, 2.80 

2,20 

2.10 

4.20 

2.eo 

8.30 

3. TO  ,  a.25 

3.10 

«.10       3.W 

6.4^5 

f,,« 

, a,TO 

2.20 
ZSO 

2.10 
2.10 

3.M 
a.  00 

2.60 
2.  so 

7.50 
S.75 

3.50  1  7.20 
^.OS     6.70 

4.4tl 

«. 10       3.  70 
fi.90  j    3.30 

G.20 

5u„.,. ..,..,., 

„. 2.W 

G.20 

i..... 

2.30 

2.20 

2.10 

3.40 

3.00 

7.40 

5.30     e.40 

4.40 

5.8fi       \S0 

S.fiO 

T„.„ ,. 

.„._..  2,aft 

l20 

2.0& 

S.SS 

S.20  1  fl.:» 

5.fi0    i;,2a 

fi.55 

ft,  20       7.  liO 

5,00 

•u.,.- 

,.. 2*ao 

2.20 

2.00 

S.fiO 

3,40  '  6.7fi 

4, 75     ri.7fi 

fi.20 

4,iO       7.10  1     4.30 

f„,„ 

„,    2.30 

2.20 

2.00 

4.00 

4,90  '  h.m 

4.30     A.  35 

4.ti0 

4.75       5.a0        1.7(1 

IP.. 

a.M 

2.JD 

xoo 

4.40 

7.W  :  iMy 

3.95     rn05 

i\.  70 

LfiO       .5.70  '     4,fii 

tl„.... 

__,...    2,30 

2.30 

2,20 

4.00 

8.9fi     1.56 

a=50     4,«5 

7.20     L30  1    5,30  1     4,  SO 

12 

2.20     2.30     S.TO 

1«5 

5.95 

4. 45 

3.40      l.jy>  '  f..00  ■      00  '    5.30        4.40 

13 

2.20     2.80     3.7* 

6.2£ 

5.46 

4.35 

3.75     4.50     5,3?i     :i  75       5.35        4.40 

14 

2.20     2.20     3.20 

4.90 

5.15 

4.10 

3.80     4.40     5.10     S.CiO       7.70        4.35 

15 

2.20     2,20     4.R0 

tM\ 

5.65 

3.a5 

5.10     4.40     4.90  !  3.40  '     5.70        4.30 

16 

2.20 

2.OT     7.00 
2.20    &.m 

3.  eft 
5.00 

5.75 
4.90 

3.70 
3.90 

5. 10,    4. 30     4. 75  '  3. 30  i     7.  SO        3. 80 

17 

2.20 

5.90     4.20     4.55     3.20  i  10. :»        3.65 

18 

2.10     2.20     &.3& 

lUO 

1.40 

4.10 

4.(V>     3.85     4.30  .  3. 10       8.  SO        3.70 

19 

2.10 

2.1fi 
2J0 

5  JO 

^,  10 
3,90 

8.95 
12. 15 

3.70 
3.50 

4.60     3.70     4.00     3. 10       5.95        3.70 

•J© 

2.10 

4.60     4.30  ;  3.85     3.00       5.80  J     3.60 

21 

2.10     2.10 

&.0& 

%,m 

7.75 

3.a5 

4.75     4.0.5  !  3.75  !  3.10       9.3.5  '     3.60 

22 

3.20 

2.10 
2.  ID 

4.50 

4.4^ 

4.16 
a.  90 

7.25 

8.50 

3.30 
3.30 

7. 05     3.  75     3. 70  |  3. 85       7. 05        3. 50 

2J 

a,ao 

11. 40  '  3.  70  '  3. 65  i  3. 45       6. 70        3. 50 

•li 

2,26 

2.10 

3.95 

3.  Go 

10.80 

3.40 

11.00     3.70     3.  15 

3. 60       6. 40        3.  .50 

25 

2.10 

2.10 

3.m 

3.fiO 

10.45  1  :V15 

15.  .50     3.  «U)     3.  10 

3. 60     14. 75        3.  .50 

% 

2,20 

2,10 

3..VI 

3.40 

9.75  1  3.10 

32. 10     3.  ;V>  1  3. 35 

3.  .50       8.  f»5        3. 50 

27 

iV'M 

2.1U 

a.  4.^ 

L25 

K.  :i5  ^  4. 90 

31.:i5     3.35  !  3.45 

3. 15       6. 80        3. 50 

2K 

%->& 

2.10 

Xrto 

a.  40 

8.a5  1  5.10 

27.05      3.:»  1  6.15 

3.a5       6.20        3.50 

29 

2,20 

.  

a.  70 

a.ifi 

8.20     4.H0 

2-2.6.5  .  3.20  1  .5.60 

3.00       6.15  ,      3.40 

30 

2.20 

5.00 

a.  10 

7.70 

4.80 

17.30  j  3.20 

5.05 

3.00      6.05  1     8.40 

31 

2>1» 

4.<tO 

6.90 



13.80  [ 

2.86   8.40 

/2Zff 

84— OS 

-10 
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Rating  table  for  Brazos  River  at  Waco,  Tex.,  for  19(yj. 


[NO.  84. 


hei^t. 

Dincharge. 

Gage 
height. 

Diflcharge. 

Gage 
height. 

1 
Diacharge. 

height. 

Dischaixe. 

/M. 

Second-feet, 

Feet. 

Secondr/eet. 

/-W. 

Second/cti. 

f\ret. 

Sccond'/eeL 

2.0 

20 

4.6 

1,490 

1       7.2 

4,800     1 

11.0 

12,285 

2.2 

80 

4.8 

1,650 

7.4 

5,ia5   i 

11.5 

13,450 

2.4 

160 

5.0 

1,820 

7.6 

5,475 

12.0 

14,660 

2.6 

250 

5.2 

2,010 

7.8 

5,825 

12.5 

15,980 

2.8 

350 

5.4 

2,220 

1      8.0 

6,180 

13.0 

17,400 

3.0 

450 

5.6 

2,450 

8.2 

6,540    1 

13.5 

18,850 

3.2 

550 

5.8 

2,700 

8.4 

6,910 

14.0 

20,300 

3.4 

670 

6.0 

2,975 

!      8.6 

7,285     ; 

14.5 

21,800 

3.6 

795 

6.2 

3,265 

1       8.8 

7,665 

15.0 

2:^,300 

3.8 

925 

6.4 

3,555 

'      9.0 

8,055 

15. 5 

24,800 

4.0 

1,055    . 

6.6 

3,855 

1      9.5 

9,050 

16.0 

26,500 

4.2 

1,195 

6.8 

4,155 

10.0 

10,085 

16.5 

27,800 

4.4 

1,340 

7.0 

4,470 

10.5 

11,160     , 

17.0 

29,300 

JSsHmated  monthly  discharge  of  Brazos  River  at  Waco,  Tex. 
[Drainage  area,  80.750  square  miles.] 


Month. 


January . . . 
Febniary . . 

March 

April 

May 

June 

July 

August 

SeptemlKjr. 
October  . . . 
Novemlx^r . 
December  . 


Discharge  In  8C»concl-feet. 


Run-ofT. 


Maximum.  ,  Minimum,  i    Mean. 


Total  in 
acrt'-fect. 


I  Second -feet 

'  i»er  wiuarc 

mile. 


Depth  in 
inches. 


The  vear  . 


120: 

50 

1 
84 

5,  UVy  1 

U.  0027 

0.003 

120  1 

50 

74 

4,110  1 

.  (K)24 

.003 

4,470  1 

20 

995 

61,180  ' 

.  0324 

.037 

2,062  1 

500 

1,062 

63, 193  1 

.  o:i45 

.o;« 

15,032  1 

250 

4,  280 

2<^J,  167 

.  1392 

.160 

7,570  1 

500 

2,123 

126,327  1 

.0690 

.077 

74,600 

670 

12,528 

770,317  1 

.  4074 

.470 

13,810  1 

550 

2,354  1 

144,742  ' 

.  07#><> 

.088 

4,800  . 

5(K) 

1,609 

95, 742  , 

.  0523 

.058 

4,310 

375 

1,2:^)  ' 

75,6:^0  1 

.  (UU) 

.04<> 

22,550  , 

2(X) 

4,491   1 

2(i7,  2X) 

.1460 

.lt>.3 

5,562  ■ 

670 
20 

1,4<>4 

2,  6<»4 

1 

91,862 
l,im8,6(>8 

.0481^ 

.056 

74,600 

.0876 

1.199 
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BRAZOS   RIVER  AT   RICHMOND,  TEX. 

The  dniinajj^e  area  of  the  Brazos  River  alK)ve  Richiiioiul,  Tex.,  is 
44.<»<M»  s«]uare  miles. 

Id  the  latter  part  of  Decemlwr,  1902,  T.  T.  Taylor  established  a 
giging  station  at  Richmond,  Tex.,  on  the  Brazos  River.  The  ira^^  con- 
sist* of  a  tagj^ed  pluml)er^s  chain  marked  every  foot  with  !)niss  tags. 
The  chain  is  50  feet  long,  the  l)ottom  of  the  leiul  weight  Innng  the 
5<>foot  mark.  The  zero  of  the  gage  is  50  feet  below  the  top  of  the 
gurd  rail  in  the  mid-span  of  the  bridge  of  the  Southern  Pjwilie  Rail- 
road. The  observer  is  W.  B.  Ransom,  a  Iw^l  druggist,  and  observa- 
tions were  commenced  on  January  1,  11)03. 

Above  and  at  Waco  the  river  rises  rapidly,  and  when  it  gets  a}x)vc 
the  gage  height  of  30  feet  overflows  the  bottom  lands  below  the  town. 
When   the   floods  spread  out  over  the  bottom  lands  as  they  do  from 
Waco  to  Richmond,  the  river  stays  up  longer  in  its  lower  stretches 
than  it  doe^s  in  the  upper  sections,  as  the  the  backwater  in  the  bottoms 
and  the  lowlands  serve  as  storage  reservoirs  and  are  dmined  slowly  as 
the  river  recedes.     At  Hearne  and  below  the  river  in  181K)  was  seveml 
miles  in  width.     Its  maximum  height  at  Richmond  occurred  on  fluly 
7,  ISiK^  when  it  stood  4  feet  below  the  top  of  the  guard  rail,  or  at  a 
gaf^e  height  of  46  feet.     The  water  was  out  over  the  bottoms  alcove, 
and  m  Richm6nd  it  covered  the  tracks  of  the  Southern  Paciiic  Rail- 
road. 

The  following  measurements  were  made  at  Richmond  in  VM):i: 

Aagupt  2:  Gage  height,  28.1;  (iinchargis  4S,4(K)  wroml-feft. 
Augm»t  t>:  Gage  height,  81.9;  discharge,  H(),470  serond-ffet. 
Auguj*t  19:  Gage  height,  7.1;  discharge,  5,S00  him -ond -feet. 

LITTLE   RIVEK  ANI>   ITS   TUIBUTAKIKS. 

The  Sulphur  Fork  of  the  Lampisas  rises  in  the  town  of  Lampasas 
in  two  springs,  the  Hancoc^k  and  the  Ihinna,  with  a  joint  flow  as  deter- 
mined on  August  18, 1902,  hy  T.  U.  Taylor  of  !♦  second-feet.  Of  this 
amount  the  Hanc<^>ck  had  7.6  second-feet  and  the  Hanna  1.4.  This  is 
protebly  the  least  flow  of  the  springs.  These  springs  an*  fully 
de8<'ril)ed  in  Water  Supply  Pajxir  No.  50,  page  'Mi^),  The  Lampa*<as, 
the  Salado,  and  the  Leon  unite  southc^ast  of  Belton,  in  Hell  County, 
at  the  '"Three  Forks,"  forming  the  Little  Kivor.  The  Saiado  rises  in 
the  village  of  Salado,  U  miles  south  of  Bidton,  from  springs  that  })ear 
a  .striking  resemblance  to  those  of  the  Pklwards  formation.  The  meas- 
urement at  Salado  on  December  11>,  1902,  can  ])e  regarded  as  the  min- 
imum flow,  as  there  had  l)een  no  rains  for  many  months.  The  Salado 
ha.s  a  reliable  flow-  of  13  second-feet  at  its  head  and  it  is  slightly  reen- 
forced  lower  down.  At  one  time  there  w^ere  eleven  different  power 
plants  in  operation  along  this  short  stream,  but  at  present  there  are 
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only  three  in  active  operation.  Summers  mill,  "2  miles  above  the 
"Three  Forks,"  derives  its  power  from  a  10- foot  dam.  Dulaney^s  mfll, 
1  mile  farther  up  the  stream,  derives  its  power  from  a  dam  8  feet  high, 
while  Stinnett's  flour  mill,  6  miles  farther  up,  ^ets  an  IH-foot  head 
by  means  of  a  mill  race  1  mile  long.  Below  the  "Three  Forks"  the  « 
river  is  known  as  Little  River.  It  has  two  reliable  streams  in  tiie 
Lampasas  and  Salado  to  feed  it,  and  its  flow  is  reliable,  but  probablj 
on  account  of  danger  from  overflows  no  attempts  have  been  made  to 
utilize  its  energy  in  power  plants.  Three  irrigation  plants  have  been 
located  on  the  Little  River  within  the  last  year  in  the  neighborhood 
of  Cameron. 

San  Gairid  River. — The  Siui  Gabriel  River  rises  in  Burnett  County, 
and  flows  easterly  through  Williamson  County,  and  joins  Little  River 
10  miles  north  of  Ro<*kdale.  Its  waters  are  used  for  irrigation  and 
power  purposes  near  Georgetown  and  Ta3Mor. 

Miscellam'oiiM  iM(Uitireiiu*nt»  in  TAftJe  Himr  Bttmh. 


1902. 
December  IS 
December  19 
August  IS 


lAHtiliiy. 


Dulanev'sMill 


8ala4lo 

.do 8ala«l() 

Sulphur  Fork  of  I^nipasa-s     Lampasas 


Dis- 


Febniarv  15 t  San  Gal)riel Jonali . 


Src.-feiL 

29 

13 

9 

34 


COLOKADC)  RIVKU  (OF  TEXA8)    DUAIXACiK  HASIX. 

The  Colonido  River  rises  in  the  extreme  western  portion  of  the 
State,  within  a  few  miles  of  the  eastern  boundary  of  New  Mexico, 
and  flows  in  a  general  southeasterly  direction,  emptying  into  the  Gulf 
of  Mexico  in  Matagorda  C-ounty.  The  drainage  area  above  Austin 
is  87,<M)()  scjuare  miles,  and  a})ove  Columbus  it  is  4(),0(M)  scjuare  miles, 
and  it  extends  into  the  corner  of  New  Mexico.  Its  main  tributaries 
are  the  Concho,  the  San  Sa})a,  and  the  Llano.  The  Concho  has  a  reli- 
able flow  alK)ve  its  junction  with  the  Colomdo,  and  if  the  stream  below 
the  junction  were  to  rec(*iv(»  its  name  from  the  one  that  contributed 
the  most  water  the  river  Inflow  the  junction  would  be  known  as  the 
Concho  inst(*ad  oi  the  Colorado.  The  Concho  furnishes  water  for 
irrigation  and  watcM*  power,  and  supports  in  Irion  and  Tom  Green 
count i<><  sonn*  cxc(*ll(Mit  irrigation  systems,  described  in  Water  Supplv 
Pap(»r  No.  71.  The  San  Sa})a  and  the  Llano  rivers  are  deserilM^d  in 
the  same  paper. 
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The  Colorado  at  Austin  emerges  from  a  canyon.  From  Austin  to 
the  Gulf  it  traverses  a  rather  flat  country,  and  its  waters  an»  utilized 
for  many  power  plants^  and  during  the  season  of  1SM)2  «U>,<mm)  juTes 
of  rice  were  sowed  in  the  counties  of  Colorado,  Wharton,  and  Mata- 
gorda^ under  canals  that  obtained  their  water  from  the  Colorado. 

Under  the  direction  of  Thomas  U.  Taylor,  the  Tnited  States 
Geological  Survey  is  maintaining  gaging  stations  in  this  Iwisin  at 
Columbus  and  Austin,  Tex.  During  1SM)2  misc<»llaneous  measure- 
nentf^  were  made  hy  Mr.  Taylor  at  several  other  plac(^s,  as  stated 
hereafter. 

CX)LORAlX)    RTVER   AT   COLUMBUS,  TEX. 

A  gaging  station  was  established  at  Columbus,  Tex.,  on  the  C'olo- 
ndo  River,  in  l)ecenil)er,  VM)'2,  The  zero  of  the  gage  is  50  feet  l)elow 
the  top  of  the  downstream  pier  on  the  west  side  of  the  rivcM*.  A  gage 
has  been  marked  off  ]>y  the  county  officers  on  this  pier,  l)ut  th<»  observer 
for  the  I'nited  Stiites (ieological  Survey  uses  a  trigged  chain,  witli  h^ad 
weight  for  a  sounder.  The  flood  of  VMX)  was  the  highest  known  at 
Columbus,  and  it  reached  the  gage  height  of  ^SA\  f(»et. 

The  following  measurements  were  ma^le  on  the  Colorado  at  Colum- 
bus in  1W)!>: 

AuguBt  2:  (iafi^»  heij?ht,  32.0  feet;  diwhaiye,  3l>,00()  wH<>n<l-fei»t. 
August  4:  Gage  height,  13.4  feet;  diwharge,  (i,SOO  necoinl-feet. 
August  7:  (iage  height,  12.6  feet;  dincharge,  4,3(K)  wcond-fet^t. 
l>eceiiil[>er  27:  (iage  height,  3.5  feet;  diwharge,  l,2tK)  se^-nnd-feet. 

OOI/DRAIX)   RIVER    AT  AUSTIN,  TKX. 

Gage  heights  were  first  t4iken  on  the  crest  of  the  Austin  dam  on 
August  13,  18!>5,  and  were  continued  from  that  date  until  the  failure 
of  the  dam  occurred  in  April,  1900.  The  first  discharge  measurement 
iras  made  on  Deceml^er  21,  1897.  In  Fehruarv,  lS99,  the  gage  was 
pla(*ed  on  the  Congress  Avenue  Bridge  south  of  tin*  city.  This  gage 
consists  of  a  plain  staff'  attached  to  a  hath  house.  Th(»  oliserver  is 
W.  Peterson.  The  })ench  mark  is  on  tlie  first  flangt^  above  the  crih- 
work  of  the  north  pier  of  the  highway  bridge.  Its  height  is  4.Ts  feet 
above  the  zero  of  the  gage.  Mea.surements  of  discharge  are  made  in 
a  narrow  place  in  the  river  about  one-fourth  mile  above  this  |X)int. 
The  flood  of  April  7,  1900,  cjirried  away  the  great  masonry  dam  at 
Austin.  This  flood  was  general  ov(»r  south w(»st  Texas,  luit  its  only 
dinaster  was  limited  to  the  demolition  of  that  structure.  A  full  discus- 
sion of  this  failure  will  l)e  found  in  Water  Supply  Pap(M'  No.  40. 

Prior  to  the  flood  of  April  7,  1900,  the  discharge  of  the  river  at  the 
station  lielow  the  dam  wjis  at  low  stages  absokitely  under  the  control 
of  the  turbines  at  the  pown»r  house  at  the  dam:  and  measurements  made 
opposite  the  city,  at  the  station  Initween  the  two  bridges,  did  not  give 
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the  unobstructed  How  of  the  river.  Since  the  destruction  of  the  dam, 
measurements  have  been  made  at  the  station  a  fourth  of  a  mile  al>ove 
the  highway  bridge  on  Congress  avenue. 

I>i*c1uir(je  vieatniremeuta  uf  Colttriulu  R'n^.r  at  Atnttittf  Tex, 


DaU'. 


1902. 


Hyiln>Krai>lH*r. 


January  20 |  C.  N.  CampMl . 

February  17 ' <lo 

Marcli  15 ilo 

April  9 (l(» 

June  20 |  T.  W.  TayK.r. . . 

Juno  21 ; <U> 

IX) I do 

Juno  2:J. <lo 

June  28 ;  A.  A.  Cother... 

June  .SO ' do 

Octolier  24. ! j  T.  W.  Taylor. . . 

Oitol>er2r) 


Ot»tober  28 A.  A.  Oother. 

Octol)er  :W do 

November  4 do 

Novein])err» do 

Noveinbi»rt) do 

November  11 dt> 

NovemlK»rl7 <lo 

NovemU'r  18 do 

Noveml)er  21 do 

NovemlK*r  22 tlo 

Novend)er24 do 

Noveml>er  2r> do 

Noveml)i»r  27 do 

De<vnd)er  2 \ do 


height. 

i 

Disohnixo. 

Fftt. 

.s»  »7*iir/-/«W. 

2.  10 

49'^" 

l.W 

47T1 

2.  nO 

96^ 

1.70 

37^ 

1.40 

252 

1..S2 

180 

i.:J2 

21S 

i.;u 

•    211 

1.20 

IHO 

1.19 

170 

1.5.-) 

293 

1.50 

2g:2 

1.45 

2W=« 

1.40 

293 

4. 10 

;j,(i(K> 

X  20 

1,717 

2.  r>o 

1,2H> 

2.40 

1,100 

(>.  SO 

i:j,917 

<i.  20 

11,().^>0 

::.  10 

l,(>S<i 

S.  40 

20,  ok; 

9.  so 

2»>,  24t> 

7.40 

ir>,<ii:; 

12,S45 

<5.  rx) 

.         4.(M) 

2, 79:j 

GOLOBADO,  OF   TEXAS,   DRAINAGE. 
IktUy  ffoge  height ^  in/eel,  of  Colorado  River  at  AaUiUy  Tex. 
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31 

Day. 

Jau/ 

^, 

l.»0 

1.90 

1.90 

1.95 

2.00 

2.00  ! 

1.95 

1.99 

2.00 

2.<90 

2.00 

2.00 

2.00 

1.90 

2.00 

2.00 

1.96 

1.9:'^ 

1.95 

1.110 

l.!IU 

L90 

1.90 

i.av 

i.«a 

l.S!> 
LS5 

1,«S 

i,m 

1.75 
1.70 
1.70 
1.^ 
L70 
L70 
1.70 
LW 
t.«0 
-1.00 
3.10 

Lm 

a.  06 
11.20 
2.90 
2.70 

Lm 

2.30 
2.23 
2.20 
^10 
2.15 
2,00 
1.93 

i,ao 

Avr. 

MtyJ 

1.96 

Lm 

Lib 
1.85 
L«5 
1.85 
1.95 
1.95 
3.30 
3.70 
3.25 
2.90 
iL05 
'?,45 
2.;*6 
2.20 
2.15 
2.iii 
5.2ft 

a«o 

5.95 
4.115 
3.90 
3.40 
3.15 
2,i5 
3.10 
^.20 
JLOO 

:L25 

5.15 
4.00 
3.45 
2.90 
2.75 
2.45 

2.  as 

2.20 
2J5 
2.05 
2.00 

1.70 
l.m 
1.00 
1.63 

1.?^ 

1.43 
1,40 

ha» 

1.35 
1,30 
1.30 
L30 
1.30 
20 
30 

Jul>. 

X85 
3.25 

5.eo' 

4.05 

».t5 
2.75 
2.50 
2.35 
2.20 
2.15 
1.95 

hm 

2.«5 
2.S^ 
2.30 
2  25 

Aug. 

10.10 
8.60 
5.80 
4.50 
4.00 
a.  55 
:t.2U 
X05 
3.00 
^.05 
2.60 
2.60 
2.55 
2.70 
2.56 
2.40 

•>  -Xi 

Sept. 

Oct 

. 

Nov. '  Dec 

1 

1902. 
\ ^ 

2.00 
LW 
l.»0 

1,Ta 
1.73 

1.70 
2.05 
1.75 
1.70 
1.00 
1.53 
3.10 
■1.15 
£.10 
G.15 
4.«S 
4.20 
a.  30 
:^.15 
2.«5 
2,75 
2.  GO 
2,50 
2.40 
2.33 

2,a<r 

2.20 
ZIO 
2.00 

1                      ' 
1.55     2.60     1.40  '     S.15 

1. 

1,00 
1.90' 
3.45 
If,  HO 
3.00 
3.45 
3.50 
5.30 
4.15 
3.45 
3.15 
2,*5 
2.00 
2.45 
2.35 
2.  JO 
2.10 
2.05 
2.00 
1.90 
2.a'i 
2.70 
2.40 
3.*15 
2.95 
2.00 

2.U0 

2.40     1.40  j     3.70 

L 

1  85 

4.%     1.50       4.85 

1          ..  .. 

1.85 
K«5 

l.SA 

,.« 

u«^ 

1.90 
1.90 
I.V5 
l.«5 

1.^ 
L9« 
2.00 
2.00 
-|£.00 
2.10 
2.10 
2,00 
2.  DO 
2.00 
1.95 

i.aa 

l.«0 

i.» 

L90 

5.00 
4.05 

3.  as 

,1.45 
2.W 
2.55 
2.35 
-2.20 
2.10 
1.95 
1.90 
1.^ 
1.75 

1.™ 

1.70 

1.00 
1.00 
1.60 
l.W 
L55 
1.55 
1.60 
1.45 
3.45 
1.42 
1.40 
40 
40 

4.15  ;     4.35 

S 

3.10  '     3.70 

1. 

2.70  i     3.30 

T 

3.25  1     3.05 

1 

3.30  i     2.95 

1 

2.85  1     2,75 

M. 

2  55  i     2.65 

u 

2.40  1     2.60 

It 

2.30        2.60 

B. 

2.35        2.50 

M.... 

3,15        2.42 

IS 

2.45        2.35 

11 

2.15        2.30 

17 

4  70  '     2  25 

B.  .. 

•2.m  1  2.10 
:5.  Ifi     2.00 
2.40  1  2.00 
2.2f>     1.90 
2.10     1.92 
2.16  1  1.82 
2.25  j  1.T2 
5. 70  1  1. 70 
i    9. 10  :  1. 70 
^  11.10  !  1.67 
11.85  '  l-fi.'» 

5.30        2.25 

» 

». 

4.  IIS        2.00 
3.80        2.00 

3 

3.00       2.15 

B.. 

5.75       2.10 

B 

|.flfi       2.10 

M 

10.90       2.05 

% 

7.40       2.00 

8. 

S.            1.95 

? 

6.75        1.95 

1... 

4.90        1.90 



10.65 
10.35 
10.65 

1.60 
1.60 
1.55 

4.^       1.90 
3,55        1.90 



2.85  ' 

1.95 

—     —   ._ 

AufU 

Hating 

to6fe/or  ( 

"Colorado  River  ai 

in,  Tej 

irge.  ; 

1 

190i^. 
heiglft. 

Gage 
height. 

Diacharge. 

1 

j  heSft 

DiKharge.  ,     ^«{^« 

DiHchii 

Discharge. 

FKt. 

1.2 

1.4 

1.6 

1.8    . 

2.0 

2.2 

2.4 

2.6 

2.8 

3.0 

3.2 

3.4 

Second-feet. 

180 

240 

320 

410 

520 

650 

820 

1,020 

1,240 

1,490 

1,780 

2,110 

3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
i       5.4 
!       5.6 

1       5.8 

1 

Sttxm 
2, 
2, 
3, 
3, 
•», 
5, 
6, 
6, 
7, 
8, 
», 
10, 

d/trrt, 

480 

890 

340 

865 

490 

250 

050 

850 

650 

450 

250 

il                    ' 
;      Feet.      j 

|j        6.0 

6.2    1 

6.4 

6.6 

6.8 
1      7.0 
;'      7.2 
;     7.4 
;     7.6 

!       '-^ 
1      8.0 

8.2 

Second-feet. 
10,850    i 
11,650     i 
12,450     '; 
13,250 
14,050 
14,850    1 
15,650    '; 
16,450 
17,250 
18,050 
18,850 
19,650 

Feet. 
8.4 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9.8 

10.0 

Second-feet. 
20,450 
21,250 
22,050 
22,850 
23,650 
24,450 
25, 250 
26,050 
26,850 
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Estimated  monlMy  diicharge  of  Cblorado  liivtr  at  Aniftin,  Tex. 
[  Draina^'!  urea,  37,000  Nquan'  mileH.] 


Discharge  in  Recoiid-fect. 


I 


Kun-off. 


Month. 


1902. 

January  

February 

March 

April 

May 

June 

July 

August 

Septcml>er... 

October 

November . . . 
December  ... 


Maximum. 

Minimum. 

580 

435 

520 

435 

3,340 

360 

11,450 

300 

Mean. 


,  Total  in  acre- 
feot. 


22, 
7, 

31, 

27, 
2, 
6, 

30, 

6, 


250 
450 
250  I 
250 
890 
850  ! 
450  I 
250  I 
T 


180 
410 
300 
300 
240 
240 
460 


480 

483 

732 

1,711 

3,052 

883 

7,148 

2,827 

1,503 

1,019 

5,623 

l,2:i0 


29,494 
26,8:^5 
45,025 
101,827 
187, 652 
52,552 
439,517 
173,841 
89,460  ' 
62,684  I 
;m,594  ! 
75,626  1 


Theytw 31,250 


180  '     2,224  '  1,619,108 

I 


MiiWfllaiif'otiM  vwamiremeiitu  on  Colorado  Hirer. 


I>aU>. 


1902. 


June  19.. 
June  27.. 
August  1 7 


IiO<'ulity. 


Marble  Falls. 

do 

lial  linger 


0.01 
.01 
.02 

.a5 

.08 
.02 
.19 
.08 
.04 
.03 
.15 
.03 


.06 


0.01 
.01 
.02 
.06 
.09 
.02 
.22 
.09 
.04 
.03 
.17 
.03 


.79 


I)is<*liaixt\ 

Stc./ttt. 
I  219 

j  145 

104 


BARTON    SPKINCiS    NEAll   AUSTIN,    TEX. 

These  sprinj^s  are  al)out  2  miles  from  the  court-house  at  Austin. 
There  are  at  present  two  distinct  groups  of  springs  that  unite  one- 
fourth  mile  below  the  stone  bridge  and  form  the  main  channel.  The 
flow  of  these  springs  has  responded  to  the  minfall  on  the  Edwards 
Plateau  with  unfailing  regularity.  The  Walsh  spring  on  the  south 
side  of  the  stream  which  formerly  ran  a  mill  wasdrv  for  several  years, 
but  in  11^00,  a  year  of  heavy  rainfall,  it  revived  and  continued  flowing 
for  about  a  year,  but  during  the  whol(>  of  liM>2  no  water  issued  from 
this  spring.  The*  following  iiH^asurcments  havc^  been  made  of  the  flow 
of  the  springs: 
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MUcellaneouB  meeuurements  of  Barion  Springs. 


Date.  I  Uydrographer.  pischaiKv. 


I   Stc.feri. 

C.  C.  Babb I  17 

do !  25 


\m 

1«6 

Much,  1898 1  T.  U.Taylor |  20 

Ifay,  1898 1 do \  :iO 

Almost,  1900 .' do -• '  69 

Diecember,  1900..  ' do .3:i 

Jane,  1902 i do 19 

Aapigt,  1902 1 do |  19 

I       ' 


LIJ^NO   RIVKR,    TEXAS. 

The  Llano  River  rises  in  Sutton  County  and  flows  east  to  its  junction 
with  the  Colorado.  Just  below  Junction  City,  in  Kimble  C<)unty,  the 
North  and  South  forks  unite  and  form  the  main  Lhino. 

The  main  Llano  River  is  joined  by  the  Johnson  Fork  of  the  Llano 
below  Junction  City.  The  water  in  this  fork  is  almost  exhausted, 
liefore  it  reaches  the  main  Llano,  by  several  small  irrigation  plants 
that  derive  their  watei"s  from  it.  The  measurement  of  August  18, 1902, 
on  the  South  Llano  was  stated  by  the  mill  owner  and  operator  just 
south  of  the  town  to  l>e  at  the  lowest  stage,  and  this  is  highly  probable, 
as  no  rains  of  any  account  had  fallen  for  some  time.  While  the  South 
Llano  is  much  shorter  than  the  North  Llano,  yet  the  North  Llano  on 
the  same  date  was  not  flowing  at  their  junction.  The  South  Llano 
could  easily  supply  sufficient  water  for  an  irrigation  S3'stem  of  6,000 
acres,  and  the  land  that  could  be  brought  under  ditch  is  rich  and  well 
placed  for  easy  irrigation. 

The  capacity  of  the  Llanos  has  not  been  developed  to  much  extent 
either  for  power  or  irrigation  purposes.  Powt^r  plants  are  located  at 
Junction  City,  2  miles  above  the  town  of  Lhuio,ard  at  Llano.  Its  use 
for  irrigation  purposes  is  confined  to  the  county  of  Kim})le. 

There  are  more  individual  irrigation  plants  in  Kiml)le  County  fed 
by  the  Llano  and  its  tributaries  than  in  any  othcM*  county  in  Texas,  as 
can  be  seen  by  referring  to  Water  Supply  Paper  71.  There  are  four 
water-power  plants  on  the  Llanos,  but  only  three  are  in  active  opera- 
tion at  present.  At  Junction  City,  a  dam  a])()ut  one  foot  high,  con- 
structed of  logs  and  loose  rocks,  deflects  part  of  the  flow  of  the  South 
Llano  into  a  ditch  whose  bed  is  on  the  same  level  with  that  of  the 
river.  The  ditch  is  10  feet  wide,  4  feet  deep,  and  about  3  furlongs 
in  length.     The  ditch  follows  the  foothills  to  the  fore  bay  or  flume 
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10()  feet  long,  O  feet  wide,  and  6  feet  deep.  The  power  is  develop 
by  a  30-inch  Ijetfel  turbine,  and  is  used  to  run  a  gristoiill,  a  cott< 
gin  of  70  saws,  and  to  supply  a  tank  80  feet  above  the  level  of  tl 
water  in  the  ditch.  The  tank  is  used  as  a  part  of  the  waterworks  I 
the  town  of  Junction.  The  water  emerges  from  the  turbine  and  flo^ 
back  under  the  flume  for  al>out  60  feet,  when  it  turns  sharply  to  tl 
east  and  is  conducted  back  to  the  river.  In  addition  to  the  pow 
developed,  there  is  a  plan  on  foot  to  install  an  irrigation  system 
0,000  acres.  The  main  cniial  will  Ih»  taken  out  of  the  river  abo 
Junction  and  will  follow  the  foothills  west  of  town  4ind  then  ere 
the  North  Llano  by  an  invert,  and  irrigate  lands  on  the  north  side 
the  main  Llano  ciist  of  the  town. 

While  there  are  many  lo<'alities  on  the  Llano  l>etween  Junction  ai 
the  town  of  Llano  where  power  plants  could  be  developed,  yet  i 
attempts  have  l)een  made  to  construct  additional  plants  except  ne 
the  town  of  Llano.  At  Llano  there  an*  conditions  for  a  good  watt 
power  plant.  »Iust  north  of  the  town  a  small  plant  is  at  present  u* 
in  running  the  waterworks,  the  electric-light  plant,  and  the  flour  mi 
The  dam  is  constructed  partly  of  stone  and  partly  of  wood.  It  is  bu 
on  a  turtleback  formation  of  gninite  that  would  aflford  an  excelle 
foundation  for  a  masonry  dam.  All  the  necessary  factors  for  a  si) 
cessful  power  plant — the  foundation,  the  water,  the  finest  stone  in  t 
world,  and  good  railroad  facilities — are  here  in  abundance  and  on 
await  capital. 

MiHuUdiiHnts  iiuitxnrt  tilt  nts  un  (fit'  IJiiiio  ami  lU  t rilmtariea. 


Dute. 


1902. 

June  2() Llano 

AugQHt  13 Icilin^on  Fork 

Do South  Llano. 

.lunrtion  City. 

August  14 Bear  Creek i  Morales  farm 


Al)ove  Llano 

1  mile  above  Segovia 

One-fourth     mile     l)elow 


SAN    SABA    KIVEH,    TEXAS. 

Tlie  San  Saba  River  rises  in  two  sprin<rs  near  Fort  McKavett,  in  ' 
westtM'ii  part  of  Menai'd  (^)unty,  and  flows  in  an  (Sisterly  direction 
over  1(K)  miles  to  its  junction  with  the  C'Olorado.  Between  F 
McKavett  and  M(Miardville  the  river  is  fed  l)v  many  sprinofs,  some 
which  are  utilized  in  small  irripition  systems  l)ef()re  their  waters  j 
those  of  the  San  Saba.     The  largest  of  these  springs  is  known  as 
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Wilkinson  spring,  and  is  Hituated  above  Monardville,  on  the  farm  of 
W.  J.  Wilkinson.  It  formn  the  headwaters  of  CMear  Creek.  This 
Stream  is  only  about  3  milew  long.  Its  wat^^rs  aiv  only  partially 
otOized  for  irrigation  purpose*,  but  it  would  easily  irrigate  1,5<H>  to 
1000  acres.  A  resident  of  thirty  years  states  that  the  flow  of  this 
stream  is  greater  in  the  summer  than  in  the  wint^^r.  Ilowt^ver,  the 
viriation  is  rather  slight,  so  that  its  capacity  for  irrigation  or  ])ower 
purposes  would  not  ]yo  subject  to  large  fluctuations. 

Four  miles  aliove  Menardville  the  Novels  <litch,  1)  miles  long,  is 
taken  out  of  the  San  Saba  and  deflects  most  of  the  nonnal  flow.  This 
ditch  feeds  an  irrigation  system  lK)th  above  and  l)elow  the  town  of 
Menardville.  AlK)ve  Menardville  the  water  of  the  San  Saba  is  used 
for  the  irrigation  s^^stems  of  Byers  and  Striegler  and  for  the  Noye,s 
system,  which  lies  alwve  and  below  Menardville.  The  Sieker  and 
the  Kitchen  dit(*hes,  2  and  5  mile,s,  respectivel}-,  below  Monardville, 
are  taken  from  the  San  Saba.  For  a  full  description  of  these  irrigji- 
tion  S3'stems  see  Water  Supply  Paper  No.  71. 

Twelve  miles  1m>1ow  Menanhille  the  river  ent<?rs  the  canyons,  which 
it  traverses  for  5W  miles.  The  cannons  Anally  widen  into  rich  valley's 
at  a  point  known  as  '"The  Narrows,"  17  miles  above  the  town  of  San 
Saha,  opposite  the  ninch  of  Hilliard  Donin.  The  mejtsurement  made 
on  June  24  can  l)e  relied  upon  as  the  least  flow  of  the  San  Saba,  as  no 
rain  of  any  <»onsequence  had  fallen  on  its  drainage*  area  for  nearly  two 
years.  While  the  flow  at  Foi-t  McKavett  is  more  than  this,  and  while 
Clear  Creek  and  the  smaller  streams  swell  this  flow  above  Menardville 
to  double  this  amount,  the  irrigation  systems  in  Menard  County  pmc- 
tieally  take  all  the  water  out  of  the  river.  When  this  mejisurement  of 
25  second-feet  was  made  at  ''The  Narrows'"  the  river  was  reported  as 
not  flowing  al)Ove  the  mouth  of  Brady  Creek.  Twelve  miles  above 
San  Sal)a  the  Sloan  spring  emerges  from  the  foothills  of  the  Edwards 
plateau.  It  has  a  capacity  of  9  second-feet,  and  its  waters  are  utilized 
in  one  of  the  most  eflfectivc  irrigation  systems  in  Texas. 

So  far  the  waters  of  the  San  Saba  have  not  been  used  for  power 
purposes  on  the  main  stream,  but  in  its  course  there  are  many  excel- 
lent sites  for  dams  that  would  make  pnu'tical  use  of  the  waste  i>oten- 
tial  energy. 


156  STREAM   MEASUREMENTS   IN    1902,  PART   III. 

Miscellaneous  meatturemetUs  <m  the  San  Saba  and  Us  iritrtOaries. 


(NO.  H. 


Date. 

stream. 

Locality. 

DLs- 
oharsff. 

1902. 

Srr,-/trt, 

August  14 

SanSal)a 

1    mile  below  Fort    Mc- 

26 

Do 

(/lear  Greek 

Kavett. 

9    miles    alM)ve   Menard- 
ville. 

25 

August  15 

San  Saba 

North  of  Menard ville 
court-house. 

8 

1)0 

Noyes  Ditch 

Near  M.  E.  Church,  Men- 
ardville. 

28 

June  24 

SanSal* 

do 

Doran's  ranch 

25 

June  25 

1    mile  below    Doran's 
ranch. 

28 

Do 

do 

I^metts  Fortl,  alx)ve  San 
Saba. 

28 

June  24 

MillCYeek 

SanSalm 

8 

GUAI>Ai:iUPF.  RI^T^^R  I>RAIXAGK  BA8IX. 

The  Guadalupe  River  rises  in  the  southern  central  imi*t  of  Texas, 
flows  southeast,  and  empties  into  San  Antonio  Bay.  During  the  sum- 
mer of  1902  its  discharge  was  the  least  in  its  observed  liistory,  causing 
much  loss  above  New  Braunfels,  whore  half  a  dozen  power  plants 
were  forced  to  shut  down  or  to  run  on  short  time.  The  flow  at  this 
time  was  so  low  that  special  efforts  were  madc^  to  ol)tain  nieiisurement»>< 
at  several  points  along  its  course.  The  results  of  these  measurements 
are  shown  in  the  accompanying  table. 

Under  the  direction  of  Thomas  U.  Taylor,  the  U.  S.  (leological 
Survey  is  maintaining  a  station  in  this  basin  near  Cuero,  Tex. 

(JUADALUPK    RIVER   NEAR   CUERO,  TEX. 

This  station  was  esta})lished  by  Thomas  U.  Taylor  I)(Hcmber  2r», 
1902.  It  is  located  at  the  dam  of  Carl  Buchors  power  house,  '^  miles 
north  of  Cucm'o,  Tex.  The  giige  is  a  plain  staff'  gniduated  to  feet  and 
tenths.  It  is  mounted  on  the  wall  of  the  power  house  near  the  dam, 
and  is  read  twice  daily  by  Carl  Buchel.  The  initial  point  for  sound- 
ing is  on  the  left  bank.  The  channel  is  straight  for  al)out  one-fourth 
of  a  mile  alK)ve  and  4(K)  feet  below  the  station.  The  riglit  bank  is 
low  and  liable  to  overflow;  the  left  Inuik  is  high  and  rocky.  The 
bed  of  the  stn^am  is  of  clay.  The  l)ench  mark  is  on  tlu*  crest  of  the 
dam.     Its  elevation  is  the  same  as  the  zero  of  tli(*  ^fi:*^^^^'- 

The  (iuadaUipe,  while  the  best  water-power  stream  in  Texas,  has  a 
drainage  area  above  Cuero  of  only  5,100  square  miles.  Its  efficiency 
is  due  almost  entin»ly  to  the  canal  at  New  Braunfels.  Below  New 
Braunfels  the  largest  tributary  is  the  San  Marcos  River. 
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MiiCtUnneotu  meaturemenU  in  the  (huuialupe  River  dniinage  bann. 
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Dftte. 


/ 


1902. 

ii]^28... 
Do 


Aagi]8t26. 
Aogast27. 


Aagi]eft30... 
Februar>'  22. 


t26. 
Angii8tl2. 


Febraary22.. 
Sefytember  9  . 
Manrhl2... 
October  21... 


stream. 


Gawlalupe. 

do.... 

do.... 


.do 
.do 


do 

Comal. 


do 

Johnsons  Fork. 


San  Marcos . . 

do 

San  Antonio . 
do 


station. 


DiH- 
eharsre. 


Comfort 

NearWalhalla 

6  miles  alx)ve  New  Braun- 
fels. 

North  of  New  BraunfelH, 
near  cemetery  crosHing. 

One-fourth  mile  al)ove 
International  and  (ireat 
Northern  R.  R.  bridge. 

Below  Erskine  Falls 

Landa  Mill  Race  an<l  Co- 
mal Spring  Creek. 

do 

On  Kerrville  and  Junction 
City  road  crossing. 

Prairie  l^ea 

Westerfield  Fonl 

San  Antonio 

Hot  Wells 


Sec. feet. 
7 
II 
9 

13 

342 

355 
333 

318 
9 

149 

150 

7 

34 


RIO  GRANDK  DRAINAGK  liAHIN. 

The  Rio  Grande  rises  in  southern  Colorado,  in  the  Kocky  Moun- 
tains, flows  south  through  New  Mexico  and  thence  southeast,  forming 
the  houndary  between  Texas  and  Mexico.  Pecos  River,  which  rises 
in  northern  New  Mexico  and  flows  south  across  eastern  New  Mexico 
and  western  Texas,  is  its  principal  tributary  from  the  north.  The 
Conchos  River  is  its  principal  tributary  from  the  Mexican  side.  The 
determination  of  the  amount  of  water  in  the  Rio  (irande  is  of  impor- 
tance, both  on  account  of  its  use  in  irrigation  and  from  its  ])earing 
upon  interstate  and  international  distribution  of  water.  Tlie  New 
Mexico  and  Texas  stations  are  maintained  l)y  the  International  (Water) 
Boundary  Commission,  and  the  data  are  furnished  by  W.  W.  FoUett, 
consulting  engineer  for  the  Commission.  On  account  of  the  shifting 
character  of  the  river  beds  at  the  international  (water)  boundary  sta- 
tions, no  rating  tables  have  been  prepared.  The  (\stimated  monthly 
discharges  are  from  daily  discharges,  computed  directly  from  the  dis- 
cbarge measurements.  The  following  list  includes  the  stations  in  the 
Rio  Grande  drainage  basin: 

Rio  Grande  at  Ea^i^le  Pans,  Tex. 

Las  Moras  Creek. 

San  Felipe  Creek. 

Rio  Grande  below  mouth  of  Devils  River,  Texas. 

Devila  River  at  Devilsriver,  Tex. 
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[mil 


Pwo8  River  at  Moorhead,  Tex. 

Pecos  River,  Margiieretta  ttiiine,  an<l  West  Valley  ditch,  near  Pecos,  Tex. 

Rio  (irande  at  I^ngtry,  Tex. 

Rio  (Jrande  l^elow  Pre^^idio,  Tex. 

Rio  Grande  alK)ve  Presidio,  Tex. 

Rio  (irande  near  Fort  llanccn-k,  Tex. 

Rio  (irande  near  El  Paso,  Tex. 

Rio  (irande  near  San  Marcial,  N.  Mex. 

Rio  (irande  at  water  tank;  Bucktuan,  near  Rio  (irande,  N.  Mex. 

Rio  (irande  at  Kmhndo,  N.  Mex. 

Rio  (irande  near  Cenieero,  Colo. 

Rio  (Irrande  near  Del  Norte,  Colo. 

RIO   (JKANDK    AT   KA(;LE    PASS,    TEX. 

This  stiition  was  established  in  April,  1900,  b}'  the  International 
(Water)  Boundary  C -omniission.  It  is  a  half  mile  alwve  the  highway 
bridge  ])etween  Eagle  Pass  and  C^iudad  Porfirio  Diaz,  Mexico,  and 
al)out  540  miles  })elo\v  El  Paso,  Tex.  During  1902  the  following 
measurements  of  discharge  were  made  by  O.  B.  Powell,  D.  Griggs, 
and  R.  F.  Dowe: 

IHschanji'  metwinmeutii  of  (he  Jlin  Grande  at  EugU  /\i«f,  Tex. 


Date. 

UH)2. 

January  .S 

January  7 

January  10  

January  V.\ 

January  17  

Jaiuiary  '1^> 

January  2S 

January  l]l 

Fi*l)rnary  4 

F('))ruary  K 

Fel)ruary  11 

I'Vhruary  1.')  ... 
F('))ruary  IS  ... 
February  L'2  ... 
Fel  )ruary  25  . . . 

March  1 

March  S 

March  11 

March  15 

March  IS 

March  22 

March  25 


(iago 
lieight. 


/>//. 


2.  5 
2.  1 


Dischurge. 


I 


2.2, 

2.1  I 

2.0  I 

l.<)  I 

l.<)  ' 

1.9' 

1.8  I 


2,041 
1J)45 
2,  25;i 
2,  :U)4 
2,  152 
I ,  SSS 
1,S4S 

1 ,  S2.S 
1,!K>5 
2,017 

2.  054 
1.1»57 
2.  0:14 
1,010 
1,054 
1,001 
1.S20 
1,000 
1,550 
1,47S 
1,415 
1,4.S1       Juno  7 

'  '•Partly  estimated. 


1002. 
March  2^»... 

April  1 

April  4 

April  S 

Ai»ril  12 

Ai»ril  15.... 
Ai>ril  10.... 
April  2:^.... 

April  20 

April  20 

May  :: 

May  5 

May  H) 

May  1:: 

May  17 

May  10 

May  21 

May  2;*, 

May  20 

May  ::o 

Juno:» 


hefght. 

Pischarife. 

Fid. 

t^cftml-ftfl- 

l.S 

1,495 

1.7 

i,4;iT 

1.7 

loU 

1.7 

1,270 

1.7 

1,;U7 

2.  75 

2,  ^*'^ 

2.0 

l^l^^\ 

1.7 

1,-5h 

1.7 

i:^ 

1.7 

1,:-'^ 

i.r> 

h^' 

4.<)5 

8,:^ 

2.  2 

he' 

2.0 

1,^ 

1.0 

1,#^ 

8.0 

"34.:^^ 

2.  05 

2,6^ 

2.  S 

2,1 

2.1 

i.a*- 

1.9 

\,7CP 

2.0 

1.7!^ 

1.8 

1,49^ 

u.]  RIO   GRANDE    DRAINAGE   6ABIN.  159 

fUtrhargf  meciftiremeni*  oftftf  Rio  Grande  at  EtigU'.  Paw^  T*'j\ — (.'ontiniie*!. 


Date. 


.S^t.    :  W-eharKC. 


heigl 


I>aU?. 


fUteond'frti. 


2,207 
1,544 
1,462 
1,369 


1902. 
1,326  ;   Septemlier  26  . . 
1,J)60  I   September  29. 
1,517  ;:  October  1 

Octobers 

October  6 

Octobers 

October  10 

4,248  |;  October  13 

1,360  j   Octol)er  15 

1,592  ;   October  17 

3,027  '   October  20 

7,906  i   October  22 

4,122  .   October  25 

3,552      October  27 

4,495  ;   Octolx?r29 

7, 404  ii  October  31 

0  22,980  ll  Novemlx?r3..., 

16, 676   j  Novell!  Ixjr  5 

17, 283  J  Noveinlwr  7 

9,819  i;  Noveml)erlO... 

7,  741  I  Novenilnjr  12. . , 
4,987  j!  Noveml)erl4... 
5,210  !!  Novenil)erl7... 
3,915  ,  NovemlKTl9... 
9,600  j  Novenil)er21 . . . 
6,050  I  NoveinlHT23... 
5,574  I  November  26. . . 
5,523  I  December  4.... 
7,388   ;  IKveinlHT(> 

8,  mi    I  De<*emU^r9 

6,  IW)   I  DecemlKT  11... 

14,448   ,  I)eceml)er  1.;... 

8,649  ;  I)ecemlK»r  16... 
25,740  ,  Decern  I KT  18... 
30,902  ;  December  20... 
25,612    ;  December  23... 

8,884    '  December  26... 

8,04l>  :  DecemlKT21)... 
10,644    ;  DiKvmbt'r31... 

5,542    ! 


hoi^ht. 


Frrt. 
3.  15 
2.9 
2.  9 
3.(V)  j 

3.5  I 
2.9     I 

2. 6  ; 
3.0     ! 

2.9  ; 

2.«  j 
2.  5 

2.4  j 

2.3  j 

2.3     i 

I 

2.2     I 

2. 2     • 

2.8 

2. 5 
3.0 
2.4 
2.  2 
2.1 
2.1 
2.1 
2.  55 
2.1 
2.1 
2.1 
2.  1 
2.  2 
2  '' 
2.  2 
•)  *} 

2.  1 
2.  2 
2.  2 
2.1 
2.1 
2.1 


I>iwhnrK<>. 

Stotn<t-/rtt. 
4,423 

3,  8^H) 
3,826 

4,  1K,3 

5,  157 
3,  743 
3,  i:» 
4,085 

3,  :m 

3,019 

2,  m) 

2,  3,35 

2,  270 
2,26;^ 
2,078 
2,084 

3,  175 
2,671 
3,920 
2,  428 
2,  279 
2,086 
1,%9 
1,W3 
2,  6:^2 
2, 035 
2,056 
2,  257 
2,  ;i54 
2,  r)42 
2,  582 
2,  559 
2,  572 
2,  420 
2,  557 
2,494 
2,419 
2,402 
2.398 


«  PHitly  climated . 


160  STREAM    MEASUREMENTS   IN    1902,  PART    III.  [s 

IMiihf  f/age  height^  in  feet ^  ofOie  Rio  Gninde  at  Eagle  Pcus,  Tex, 


1.. 
2.. 
3.. 
4.. 
6.. 
6.. 
7.. 


Day. 


1902. 


Jan.    Feb.  i  Mar.    Apr. 


J ..»)  I 

.1  2. 30  , 
.'  2.30 
.'  2.30 


2.30 
2.30 


10 

11 

12 

--'^ 

,-'-^ 

'  1>.  50 

13 

14 

2.50 

2.50 

15 

k; 

2.50 

2.45 

17 

2.40 

18 

2.40 

19 

2. 40 

20 

21 

2.:i0 

2.30 

22 

2.30 

'23 

24 

2.;» 

2.30 

25 

26 

2.  21) 

•27 

...                2. 20 

2.S 

••  •'() 

29 

2.  un) 

:K)..  .     . 

2  20 

31 

2.20 

2.20  ! 

•2. -JO  1 

•2.-3)  I 
2.20  ' 
2.20  ! 
2.20  ' 
2.20  I 
2.20  I 
2. -20  , 
2.2t)  , 
2. 20 
2.20 
2.20  ' 
2.20  I 
2.20  , 
2.20 
2.20 
2.  10 
2. 10 
2.10  1 
2. 10 
2.  10  ' 
2.  10 
2.10 


2.00 
2.00 
2.00 
2.00 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
I.IK) 
l.M) 
l.H) 
l.SO 
l.NO 
l.SO 
l.SO 
l.SO 
1..S0 
l.SO 
l.SO 
l.SO 


1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


1. 


l.SO 
1  .  SO 
1.^0 


May.  J  "III?. 


1.70 
1.70 
l.GO 
3.95 
4.70 
3.15 


1.70  !  2.75 
1.70  I  2.45 
1.70  j  2.35 
1. 70  I  2. 15 
1.70  !  2.00 
.00 


1.70 

1.85 

2.40 

2.46 

2. 15 

2.00 

2.00 

LS-S 

l.SO 

1..S0 

1.75 

1.70 

..70, 

1.70  j 

1.70  I 

1.70  > 
I 
1 .  70 

1.70  1 


2.00  ' 
2.00  I 
1.90  ' 
1.90 
1.90 
4.45 
7.35 
3. 75 
2. 75 
2.35 
2.30  [ 
2. 25 
2.20 
2.  10 
2.  10 
2.  (K» 
1 .  '.».'> 
1 .  "H) 

2.:jo 


2.15 
2.10 
2.Gfi 
1.9& 
1.90 

i.m 

l.«0 

1.80 

1.75 

1.70 

1.70 

1.70 

1.90 

2. 25 

2.0r> 

2.0(1 

1.90 

2.20 

2.00 

1.90 

2.20  [ 

2.:«) 

2.25  ' 

2.00 

i.yo 

l.W   : 

2.(K)  I 

l.'.H)  ' 

1 .  ,s.")  " 
l.H) 


Jtllf. 

AUK, 

s*irt. 

Oct. 

Kat, 

hm 

&8& 

5.'^ 

2.90 

1 
2.20 

3.^ 

190 

fi.TB 

3.00 

2.6^1 

2.tlfi 

4.  £6 

&10 

S.10 

zm 

L»5 

4.26 

hm 

3.:h> 

2..VJ  1 

h^*i  ■  1.20 

6.30 

3.  GO 

1."* 

l.MI  '  S.W 

5.9D 

3.W 

2,S5  1 

1.7&     A.55 

h.^ 

3.15 

2.95  , 

1.70     3.1*0 

B2Fi 

2.S5 

2.7* 

|l,B(6     il.TO 

7.25 

2.0,^ 

2,^^  1 

1  l.flS 

xa5 

8.(50 

ISfi 

2.40 

3.30 

;*.o5 

H.W 

2.45 

2.30  1 

%D0 

5.K1     &.00 

2.  SO 

2,30  1 

itift 

*2.1f6     T.fiO 

3.(10 

2.20 

4.4ft 

n^a^ 

«i.9& 

2.9D 

2.10 

'  l.«0 

%.m 

ft,  00 

2.hJi 

110  ' 

a.mt 

4.as 

A.  35 

2.75 

2.15  1 

a.&5     4.05  '  C9C 

1.65 

2.20 

3.30  1  3.96     i.m 

2..'i& 

2.10 

3.30  \  4.10     4.40 

2.60 

2.10 

3.30 

4.10 

t  on 

^.^ 

2.10 

3.20 
3.35 
3.30 
4.05 
5.00 
7.  40 
fi.  45 
r>.30 
0.  10 

5.  so  , 


I 


3.85 
3.65 
3.85 
3.75 
3.90 
4.25 
4.S5 
4.  f>5 
4. 25 
4.00  I 
1.55  I. 
i 


( .  Vj 

;S.^^| 
:i.:y> 
^L  i:j 

2.!^ 
2. 10 
2. 9(1 
2.90 


■1  I't 
2.  I<i 
2.  H' 

2.^ 
■    30 

2.  :w 

2.211 
2. 2tl 
2. 20 


•2.40 
2. 10 
2.10 
2. 10 
•2.25 
'2. 20 
2.00 
2.20 
•2.15 
•2. 15 


I'lat'nnnli'l  mmtfli/i/  (iischftrf/r  af  tlir  Win  (irnndf  at  I'hgle  Pfii<s,  Ttj 


January  

February  

March.. 

April 

May 

June 

July 

August 

September 

<)ctol)or 

Noveinl)er 

Deeemlier 

The  yeiir 32, 


MMximuin.      M 

ill  '^OCOlK 

iiiniiitn. 

1 .  s:',o 

ifcet. 
Mean. 
2,  052 

Total  in  a 
feet. 

IMIOO 

1213 

2,o:)0 

I ,  s:{o 

1,073 

109 

l,tKM> 

1,420 

l,(K)t> 

08. 

2,  INK) 

J,  270 

1,448 

86, 

21>,  2(M) 

1 ,  2(>0 

.3,  382 

207, 

2,  :j;>o 

KiJ-SO 

1,648 

08, 

22,  4(H) 

1.270 

H,  004 

374, 

12,  140 

;;,  soo 

(i,  539 

402, 

.S2,  000 

:;,  s'^H) 

12,8(>8 

-765, 

4,0-20 

2.  oso 

3,  070 

188, 

8,800  1 

i,o;u) 

2,  385 

141, 

8,4(K)  1 

2,  2()0 

2,  m)4 

178, 

32,CKH)  1 

1,2m) 

3,  831 

2,  778, 
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LAS  MORAS  CREEK,  TEXAS. 

ks  Moras  Creek,  which  rises  in  the  tx>wn  of  BnK'kettville,  Kinnoj' 
fCoantj,  Tex.,  and  empties  into  the  Rio  Gi-andc  al)out  25  miles  iifjovc 
I  %le  Pass,  has  had  a  variable  record  since  measurcnu^nts  have  been 
f  nde  upon  it.  In  December,  1895,  C.  C  l^bb  found  a  tobil  discharge 
'of 21  second-feet.  In  June,  1898,  the  "'Bmckett  flood"  occurred, 
^  18 described  in  Water-Supply  Paper  No.  50,  page  344,  and  Las  Moras 
s&owed  an  increased  flow  up  to  the  latter  part  of  1901.  The  flow  was 
neasured  by  T.  U.  Taylor  in  June,  1H99,  when  it  had  a  discharj^e  of 
fl)  second-feet  at  Mulligan\s  l)end,  one-fourth  mile  below  th(»  court- 
bouse;  in ,  19(X),  when  a  flow  of  51  second-feet  was  found  at 

the  same  section;  in  December,  1901,  when  a  flow  of second-feet 

was  obtained,  and  in  1902  two  checked  measurements  on  September  2 
and  3  each  gave  a  disc^harge  of  only  11  second-feet. 

SAN  FELIPE  CREEK,  TEXAS. 

San  Felipe  Creek  has  its  source  in  four  large  springs.  These  springs 
arc  all  above  the  Southern  Pacific  Railroad  bridge,  1  inile  east  of 
Del  Rio,  at  distances  from  200  yards  to  2  miles.  Mtnisurements  have 
been  made  on  the  San  Felipe  since  December,  1895,  when  V,  C.  Babb 
found  a  joint  discharge  on  the  creek  and  of  Madre  ditch  (whicli 
includes  the  total  flow  of  the  springs)  to  be  99  s(H*ond-feet.  The  fol- 
bwing  measurements  have  since  been  made  by  and  under  the  direction 
of  T.  U.  Taylor:  In  June,  1899,  a  joint  flow  of  84  s(»cond-feet;  Sep- 
tember, 190(),  a  joint  flow  of  149  second-feet;  in  December,  1901,  a 
flow  of  150  second-feet,  and  in  Scptemlx^r,  1902,  a  flow  of  115  second- 
feet  were  obtained.  The  variation  in  the  flow^  is  caused  by  an 
increased  rainfall  in  the  Edwards  Plateau  to  th(>  north  of  Del  Rio. 
An  increased  flow  is  found  in  all  of  the  outlets  of  th(»  underground 
waters  of  the  plateau  which  stretches  from  the  Southern  Paciflc  Rail- 
road north  to  the  Texas  Pacific  Railroad.  The  cnvst  of  increased  flow 
follows  the  increased  rainfall  in  the  highlands  to  the  north. 

RIO   GRANDE   BELOW    MOUTH    OF    DEVILS   KIVEK,  TEXAS. 

This  station  was  established  in  April,  1900,  hy  the  International 
(Water)  Boundary  CommissioiL     It  is  alongside  the  Southern  Pacific 
Railway  trac'k,  al)out  a  half  mile  below  the  mouth  of  Devils  River  and 
about  480  miles  below  El  Paso. 
IRR  84—03 11 
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STREAM  MSASUBEiaEIITS  IK  19Q2,  PAST  III. 


Di$eharffe  mmmretnvttU  of  Ike  Rio  Grande  near  DenUriver,  Tex. 


mtc 


January  6 

January  10  .„. 

January  14 

Jantiary  19  ... . 

JatiUftry  23 

January  26 

January  30 

February  5 

Fbhniary  10  . . . 
February  13  ... 
Febmary  IT  ... 
February  20... 
Februaiy  24  ... 

Mareh2 

March  $....... 

Maf€h9 

Manshl? 

Mwehlfi- 

>IarLh20 

^atvh  2A 

Man-h  2«-_._-. 

April  H .  _ . 

April  H 

April  ll._.. ._-!      3.1 

-\prill4 .__       4,tS 


Gin 


-| 


a.  6 

3.9 

3,8 

3.7 

3.6 

3.5 

3*6 

3.5 

3.5 

3.5 

3.5 

3.& 

3.5 

3.4 

3,3 

3.3 

3.3 

3.3 

;i2 

3.25 

XI 

3.1 

3.1 


2,162 
2,944 
2,501 
2.147 


April  UJ . 
Apnl  'M\ , 
Hayl-,. 
MayU_, 
May  IC 
May  lli.. 
May  20,. 
lilay  24-. 
May  2ft-. 
June  :i  . . 
Juno  7  . . 
June  11  . 
June  15  . 
June  19  . 
June  24  , 
June  28  . 
July  3-.. 


3.25 

3.1 

3.1 

3.4 

3.2 

3,3 

:i,w?> 

3.4 

3.3 

3.4 

3.3 

3.3 

3.5 

3,4 

a  35 

3.4 

3.4 


107 
965 
865 
943 
034 
048 
071 
172 
037 
826 
097 
592 
716 
672 
579 
622 

mi 

438 

4m 

379 

393 

48H^ 

253 

243 

671 

379 

558 

(i54 

600 

426 

620 

398 

471 

807 

66S 

556 

6^ 

497 


Bftli*. 


1902, 

Julys 

July  12 . 

July  16 

July  20;...-. 
July  24....- . 

July  29...... 

Augusts  ..... 

Au^0t6 

AugDirt  11  .... 
August  15  .... 
August  19  .... 
AtigUBt  23  . , . . 

Aoguet  28 

September  1  . . 
September  5 . . 
September  9 . . 
September  13 . 
September  17 . 
B(?ptei«l>er  19 , 
September  23 , 
St^pt^mlHT  27  , 

(>rloher2 

(Mi>1>t^r6 

OfoberlO.... 

OrUilier  14 

(K^lober  IH 

*>iioiH*r22 

(kto}»er  25, ._ . 

(h-t<il»^r:^0 

K*i\'i*mf>t*r  2  . . 
Kovt^jnb*^r6  .. 
K*jv«inl>er  10  . 
X'»V(*mlM?r  14  . 
Niivi'inbt^r  18  . 
X^jvtmilwr  22  . 
NiiVHiilwr  2fl  . 
Ikn'HuJjer  2... 
Jk'if  uibt»r  H... 
DtH-enilMT  13.. 
lH*<^*nilK'r  18., 
Dtw-vinlM^r  23, . 


Ad. 

a.  56 

4.3 
6.76 
4.7 
6.8 

9a 

6.5 
5.3 
4.85 

ass 

6,6 
5,7 
6,3 
7.16 
8,7 
11.76 
9.66 
6.36 
6.1 
5.35 
4.86 
4,7 
5,0 
4,4 
4.65 
4.3f> 
4,2 

4.ia 

4.05 
4.75 
4,K5 
4.1 

:i90 

3.9 
3.9 
3.  9 
3.9 
4.0 

3.9 
3.9 
3.f» 


Dtfl 


siviLLj  mo   GBAKDE   DRAINAGE   BASIN. 

DftUy  i^iff€  heighif  in  feet,  of  the  Rio  Grande  near  DeriUrirrr^  Tf.r. 
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D»y. 


1902. 


I  Jan. 


1 

3 

i 

,  3.60 

3.60 

3.60 

3.60 

5. 

3.56 

"  3.  SO 

'  3  50 

S 

3.60 

J 

3.90 

M..    . 

3.85 

11 

3.  JO 

12 

3.  W 

u 

3  HO 

14..     .     . 

3.80 

15 

3  70 

16 

3.70 

17. 

3  70 

V^.... 

3.70 

19 

3.70 

30 

'  3.60 

21 

'  3.60 

a. 

21.. 
25., 

25. 

27 

28.. 
29. 
30. 
31.. 


Feb. 


Mar. 


50 

50 

50 

50  I 

50 

50 

50 

50 

50 

50 

50| 

50 

50  I 

,)0j 

50  I 

50  i 

50 

I 
50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 


Apr. 


3.50 

3.40 

3.50 

3.46 

3.30 

3.30 

3.30 

3.30 

3.30 

3.30 

3.30 

3.80 

3.30 

3.30 

3.30 

3.30 

3.30 

3.30 

3.20 

3.20 

3.20 

3.20 

3.20  I 

3.25  I 

3.20 

3.10 

3.10 

3.10 

3.10 

3.10 

3.10 


3.10 
3.10 
3.10 
3.10 
8.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.40 
4.10 
3.70 
3.50 
3.40 


Mfiy. 


June.i.Tuly.  Auk. 


3.10 
3.10 
3.10 
4.80 
3.75 
3.55 
3.60 
3.35 
3.20 
3.20 
3.10 
3.10 
3.10 
3.10 
3.10 
3.20 
3.20 


8.30 
3.15 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 
3.10 


3.40  ilO.OO 


5.60 
3.95 
3.75 
3.45 
3.40 
3.40 
3.65 
3.50 
3.40 
3.40 
3.30 
4. '20 
4.20 


3.80 
3.50 
3.40 
3.40 
8.30 
3.30 
3.30 
3.30 
3.30 
3.30 
3.35 
3.60 
3.75 
3.65 
3.50 
3.50 
3.50 
3.50 
3.40 
3.90 
3.95 
3.80 
3.50 
3.40 
3.40 
3.40 
3.40 
3. 40 
3.:« 

3.:« 


i  6.25 
I  3.75 

3.40 
I  3.35 
I  3.30 
I  3.30 
!  3.30 
'  3.50 

3.40 
•4.05 
I  4.40 
j  4.20 
I  5.35 
I  6.60 

:  sj'io 

5.15 
4.80 
4.85 
4.75 
4.70 
4.95 
4.85 


Sept.  I  0<*t.  I  Nov.  ■  Dtf. 


5.65 


6.K'> 
6.45 
6.20 
5.95 
5. 65 
r>.25 
5.90 
5.50 
4.95 
4.75 
4.70 
4.60 
4.50 
7.50 
6.85 
6.00 
6.00 
5. 95 
5.60 
5.  H5 
5. 65 
5.65 
5.70 


I  6.50  I  5.60 
10.15  I  5.95 
9.55  ' 


8.00 
8.40 
9.20 
8.05 
7.55 


•).  95 
6. 2*3 
5. 90 
6.30 
7.25 


7.3r>  I 

7.25  I 

I  -••^'> ! 

7.:«)  , 

8.66  i 
8.00 
8.60  ; 
9.70  i 
11.65  I 
.•..7.. 
10.90  I 
10. 40  ! 

8.45  ^ 
'  7.»)  ' 

6.  r»5 
,  6.:v') 
;  r..()5 

'  5.9.-> 
5.50 
6.10 
6.55 
5.  ;w 
5.00 
4.80 
4.90 
4.85 
4.70 
4.70 


4.70  I 
4.70  I 
5. 10  ; 
i.NO 
5.00  ' 
I.  «»5 
4.65 
4.45 
4.40  I 
4.40  ' 

4.75  j 
...75  I 
4.t>5  I 
4.5;")  I 
4.45! 
4.40  ! 
4.35! 
4.:«)' 

4.;w  ' 

4.20  I 

4..>0l 

4. 15  j 

4.10 

4.10 

4.W 

1.05 

4.10 

4.10 

4.10 

4.10 


1.35  , 
4.60  I 

l.l^h  I 
i.:i5  ' 
4.:io 

1.S5 

4.:^  , 
4.:i'>  ' 

4.20 

4. 10  ; 

4.05 
1.00 
3.90 
:>.90 

3.90  ; 
3.90 ; 

3.90  ' 
3.90 
3.90 
3.90 
3.  W 
3. 90 
3.95 
4.20  i 
3.95  I 
3.90  i 

4.(V) : 

3.90  I 
3.90  ! 
3.90  I 


3.90 
3.90 
3.85 
3.80 
3.95 
4.05 
4.05 
4.00 
3.90 
4.00 
4.00 
4.00 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.95 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 


Estimated  moiUhltf  discharge  of  the  Hv)  (irande  near  Derilsrirer,  Tex. 


January  . 
February 
March... 
April.... 
May  .... 

June 

July  .... 

AugUHt  .  , 


Month. 


1902. 


Dlwhar^e  in  sc'(M>iid-foet. 


Maximum.  '  Minimum. 


September |  ^    :Vy,  500 

October 

Novemlxjr 

December 


The  year  , 


Total  in  acre- 
;  -feet. 


Mean. 


2,940  i 

1,860 

2,246 

138, 12<) 

2,170  ! 

1,880 

2,022 

112,304 

1,940  1 

1,500 

1,646 

101,217 

.S,  270  ; 

1,250 

1,585 

91,:^59 

2.S,000  1 

1,240 

2,  tm 

163,  339 

2, 050  ^ 

1,400 

1,755 

104,450 

18,  700  , 

1,:^60 

6,  ;J72 

391,795 

12,  200  . 

;H,  4(30 

7,071  : 

434,  797 

;i^),  500 

■S,  7CK) 

12,122  ; 

721,329 

4,  770 

2, 150 

.s,o;57 

186,  744 

:^,a50 

2, 030 

2, 400  ; 

142,  790 

2,  250  i 

1,930 

2,080 ; 

127, 914 

:V),  500  j        1 ,  240  I        3, 745  I     2, 716, 167 
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STREAM   MEA8UKEMKNTS    IN    1902,  PART   III. 


DEVII^    RIVER   AT    DEVII^SRIVER,  TEX. 

This  station  was  csta})lished  in  April,  19(X),  h>^  the  Intern 
(Water)  Boundary  Coniniission.  It  is  opposite  the  Southern 
Railway  station  at  Devilsriver.  The  river  is  a}>out  50  miles  in  ] 
has  a  ])erennial  flow,  and  during  flood  periods  is  subject  to 
fluctuations. 

Dhfchargc  inensurementH  of  IkvlU  Rinr  at  DerUxrirer^  Tex. 
[Made  ]>y  Jaiiits  P.  Ha^ne.  J.  I>.  Dillard,  and  A.  L.  Wilcox.) 


DaU». 


heiX.    !   ''''^^^^-' 


I, 


1902.  I  Fni. 

January  5 2. 0 

January  11 2.  I 

January  18 2. 0 

January  22 '  2.0 

January  29 2. 0 

February  « 2.0 

Febniary  9 ,  2.0 

February  U^ !  2.0 

February  28 !  2.0 

Man'li  1 !  2.0 

March  S '  2.0 

March  17 ;  2.0 

March  2:J 2. 0 

March  25) 2.0 

April  4 1  2.0 

April  S 2.0 

April  l.") 2.0 

April  25 L\) 

May  5 2.  8 

May  9 2.0 

May  19 4.0 

May  2.S 2.4 

May  2S 2.2 

June  2 2.  2 

June  14 2.1 

June2:J '  2.05 

June  27 2.  0 


I  Srroiid-/cr.t. 


Date. 

1902. 

July  2 

July  11 

July  19 

July  28 

AujruHt  n  ... 


August  20 

.Vu^Mist  28 •      2.0 


497 

488 

495 

489 

472 

41H)   I    Aujru8t  U 

453 

474 

505 

497 

50:i 

4t).S 

4!»0 

4S<» 

479 

475 

4S7 

(}^y^'^ 
14H 


<jaKC 
heijrht. 


FcfL 
2.0 
2.0 
2.0 
2.1 
2.0 
2.0 
2.0 


I)i 


Scptenil)er  4  . . 
Septciuher  12  . 
ScptenilRT  1(> . 
.S'j)tcinlH'r  IS  , 
S(')»tcinlK'r  2<)  . 

Octolu-r  5 

(N'tolHT  l:i 

()('t(»lM'r  21 

October  21> 

XovciiiIht  5  . . 
NovciiiluT  lo  . 
Novcnihcr  22  . 
2,  475)     1  Novcinhcr  2<>  . 

742        I)c<'ciii)>cr  2. . . 

'i 
5S2    ,   l)cceni))er  S... 

5o(>    1  ]>ccemlH'r  l.'i. . 

4S.S       l)ccein))cr  is. . 

'I 
470    !   December  2:i. 

44S    I  DcccmbiT  :i(». 


2. 2     i 

I 

2.15^ 
2.  15  , 
2.  15  I 
2.  1 
2.1 
2.  15 
2.  15 
2.  15 
2.  I 
2.  25 
2.  15 
2.  1 
2.  I 
2.05 
2.  05 
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165 


12.. 

«.. 

U.. 

15... 
J6... 
17... 
IS... 
IS... 

ao... 
•^1... 


23.. 
24.. 

25.. 
•26.. 
27.. 

»... 
3... 

31... 


Day. 


Jan.    Feb. 


-r 


2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.05 

2.10 

2.10 

2.10 

2. 10  I 

2. 10 

2.10 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


Mar.  i  Apr. 


2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
I  2.00 
I  2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


I  2.00 

i  2.00 

I  2.00 

I  2.00 

I  2.00 

\  2.00 

\  2.00 

'  2.00 

I  2.00 

'  2.00 

\  2.00 

'  2.00 

12.20 

2.10 

2.0O 

2.00 

2.00 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 

1.90 


May.  June.  July. 


I 


1.90  I  2.20 
1.90  I  2.20 
1.90  I  2.20 
3.00  j  2.20 
2.40  I  2.20 
2.20  !  2.20 
'  2.20 


2.10 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
5.9ft 


2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.10 
2.10 
2.10 
2. 10 
2.10 


4.05  I  2.10 
2.95  I  2.10 
2. 65  I  2. 10 
2.45  I  2.00 
2.40  j  2.00 
2.40  I  2.00 


2.25 
2.20 
2.20 
2.20 
2.20 


2.00 
2.00 
2.00 
2.00 
2.00 


2.20  I  2.00 

2.20 ; 


I  2.00 
I  2.00 
I  2.00 
2.00 
2.00 
2.00 
j  2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.60 
2.15 
2.05 
2.00 
2.00 


AUR. 

Sept. 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.25 

2.00 

2.a5 

2.00 

2.00 

2.00 

3.  SO 

2.00 

2. -25 

2.00 

2.20 

2.00 

2.20 

2.00 

2.20 

2.00 

2.20 

2.00 

2.10 

2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.  (X) 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 


2.20  I 
2.20  i 
2.20  j 
2. -20 
2.20 
2.20 
2.20 
2. 20 
2.20 
2.-20 
2.20 
2.20 
2. 15 
2.15 
2. 15 
2. 15 
2. 15 


o<-t. 


2.10 
2. '20 
2.35 
2. 25 
2.15 
2.15 
2. 15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2. 10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2.10 
2. 10 


Nov.     I>et\ 


2.10 
2.40  I 
2.35  I 
2.25  I 
2. 15 
2. 15 
2. 15 
2. 15 
2.15 
2. 15 
2. 15 
2.15  ! 

i.  1.'.  i 

2. 15  ! 

•2.ir>  i 

2. 15 
2.15 
2.15 
2.15  I 
2.15! 
2. 15  ' 
2.15  i 
2. 15  I 
2.15  1 
2. 10  j 
2.10  I 
2.10  I 
2.10  1 
2. 10  1 


2.20 
2.90 
2.20 
2.15 
2. 15 
2.15 
2. 15 
2. 15 
2.15 
2. 15 
2.15 
2.10 
2.10 
2.10 
2.10 
2.10 
2.05 
2.10 
2.10 
2.10 
2.10 
2.05 
2.05 
2.05 
2.06 
2.05 
2.05 
2.05 
2.05 
2.05 
2.05 


h^imaied  numildy  disclutrge  of  Det'ih  River  at  Devihnrer^  Tfj\ 


Month. 


1902. 
January  

Febniary 

Mait-h..' 

April 

May 

June 

July 

August 

Septemljer 

Oi'tol)er 

November 

December 

The  year 


DischarKt'  iu  M'cond-fi'et. 


Ma.\imuin.  i  Miiiiiiiuin. 


500 
500 
500 
590 

,;^80 
5H0 
880 
4:50 

,200 

5:^ 

fk)0 

5;i5 


470 
450 
490 
440 
440 
4:^5 
420 
405 
405 
420 
8fK) 
880 


5, 880 


880 


488 
480 
494 
4H9 
815 
491 
448 
414 
510 
488 
48« 
414 

491 


Total  in  acri'- 
fwt. 


29,  tmo 

2(;,  (i88 

80,  mi 

27,907 
50,102 
29,  207 
27, 218 
25, 458 
80,  867 
26, 618 
29,514 
25,438 


:i55, 219 


166 


STREAM   MKASUBEMENTS    IN    1902,  PART   III. 


lK0.8i 


PECOS   RIVER   NEAR   MOORHEAD,  TEX. 

This  Htation  was  established  by  the  International  (Water)  Boundary 
Coniniission  in  April,  1900.  It  is  near  Moorhead,  immediately  above 
the  high  bridge  of  the  Southern  Pacific  Railway. 

DMinnje  meumiremenUi  of  PertM  River  near  Mourhsady  Tex. 
[Mailo  ]>y  JamcH  V.  Hague.  J.  1).  Dillard,  and  A.  L.  Wileox.] 


IHito. 

1<K)2. 
January  4  . . . 
January  H  . . . 
January  Ml  .. 
January  !<>  . . 
January  25  . . 
January  28  . . 
Febniary  1  . . 
February  8  . . 
Febniary  12  . 
February  ir>  . 
February  19  . 
February  22  . 

March  4 

March  7 

March  II.... 
March  14.... 

March  U> 

Manh  22  . . . . 
March  2r. . . . . 
March  :U) . . . . 

April  1 

April  <) 

April  10 

April  i:i 

April  20 

April  25 

April  :«) 

May  ;$ 

May  7 

May  11 

May  17 

May  21 

May  25 

Mav:^0 


<tage 
height. 

Fret. 
1.4 
2.1 
2.1 
1.9 
l.fi 
l.() 
l.() 
1.4 

i.a5 

l.(> 
l.« 
1.7 

!.:{ 

1.8 

1.2 

1.2 

1.2 

1.15 

1.1 

1.  1 

I.O 

.\) 

1.H5 

.9 

.9 

.9 

1.4 

l.;i5 

.\) 

.H 

1.1 

.9 

.8 


DiHchargro. 

Sf'rowl-/rii. 
608 
967 
943 


Date. 


1902. 


June  4  . 
June  8  . 
June  12 


'1 
842   1  June  17 

581    I  June  20 

5.*{6   I  Jtuie  25 

499   i  June  2<> 


502 
636 
612 
(i09 

(>;i8 

487 
487 
457 
426 


July4 

July9 

July  13 

July  17 

July  21 

July  25 

July  30 

!  August  3 

.\  ngUHt  7 

362   I  Au^'ust  12 

3(>0      August  16 

344      August  21  .... 

370    I  Augu.st  25 

37S    I  August  2^) 

343  Septcmln^r  2  . . 
29S  September  (5  . . 
71H  '  September  10  . 
311    ;  SepU'inber  14  . 


Gage 
leight. 


heigl 


250 
460 
430 
249 
2:i5 
322 
255 
231 


0.7 

.  7 
.  7 
1.5 
1.1 
1.7 
1.2 
.9 
.8 
.  7 
1.7 
2.35 
2.9 
3.6 
4.2 
2. 45 
1.8 
1.9 
2.0 
1.6 
1.3 
1.2 
2. 05 
1.55 
1.85 

Septcuiber  18 \       1.6 

SeptemlHT20 '       1.55 

Septi'mlH'r  25 '       1 .  35 

SeptemlxT  30 |       1.3 

October  4 |       1.45 

()ct()l)er8 1.3 


OctoU'r  12. 
October  U\. 
OctolMT  20. 


1.3 
1.3 
1.3 


Piflchatge. 

Secfmd-ffft 
231 
231 
240 

54:j 

351 
64-^ 
394 

282^ 

25:^ 

237 

594 

l,0<i7 

1,531 

2, 03<i 

2,  7(k3 

1,202 

72** 

7S4 

a5I 

579 

4(>5 

374 

885 

(102 

742 

r):io 

5<)5 
477 
431 
464 
420 
42:i 
42^> 
416 
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lH»chitrge  measiirfmenUs  of  Pecos  River  near  Moorhead^  Tear. — ContimuKl. 

Date. 

(iafe 
height. 

Diflchaige. 

Date. 

height. 

DiM'llHIVf. 

1902. 

FM. 

Secand-fftt. 

1902. 

J->€t. 

Octoljer  24 

1.25 

1.2 

1.5 

421 
404 
521 

November  28 

December  3 

1.3 
1.3 
1.3 

:^2 

October  28 

:i65 

November  3 

December  7 

375 

November  7 

1.3 

440 

December  11 

1.55 

507 

Xovemlier  11 

1.25 

423 

December  16 

1.4     !                398 

Noveml»er  15 

1.3 

420 

'  December  22 

1.4     ;                420 

Kovenilier  20 

1.25 

•  412 

;  December  27 

1.4     ;               410 

Daiiy  gage  height^  infect,  of  Pecos  River  near  Moftrhewl^  Tex. 


Itay. 


ISOL 

I ..,..,... 

2__^^^_ 

1.. ...... ...... 

4. „.,... 

*.... 

*... ..,„. 

I...  ........ 

9,. 

W- 

Il...._,.„ 

12...... 

ia..„ 

14 ..... 

IS.. ..„ 

w.„. 

K.., 

!>....._. . 

W... 

30.^ 

*l...... ., 

SL 

a. 

2I.....„, . 

ffl.,. 

s ,. 

s,.... „,.,.,. 
^. 

5..,,.. 

*.. 

JL... 


Jut, 


1.40 
1.40 
1.40 
1.10 
L30 

rao 

t.^ 

2LQ0 
2.00 

xao 

2.  IP 
2.10 
XIQ 
LW 
1.80 

1.60 

i.tt 
too 

i.«a 

\M 
l.«0 

l.tiO 


?*b. 


Uar, 


I 

\ 

1.60  J 

1.30 

1,90 

t.30 

1-30  . 

1.20  i 

1.30 

1.40 

I.JO 

J. 40 

L40 

\.m 
1.^ 
i,m 
i.m 

LflO 

i.r»> 

l.fiO 
1,70 
1.70 
1.70 
l.tiO 

\.m 

1.60 

L«0i 


Apr. 


1.60 

1.4U 
1.30 
\/^ 

1.  :h) 

1.30 
I,  MO 

i.:» 
i.;nj 

l.HO 

1.30 ; 

1.30  I 

I 

1,20  < 

1.30  S 

1.20 

i.ao 

Lao 

L20 

1.20 

l/^ 

1,20 
l.2t» 

Lao 

1.90 

1.16 
1.1& 

1.15 
1.1ft 
1.10 
l.KJ 


LIO 

1.10 
LIO 
L0O 
LOO 
LOO 
LOO 
LOO 
1.00 
.90 
.90 
.00 
2.^ 
3.2* 
LOO 
L70 

i,m 

LIO 
1.10 
.90 
.flO 
.UO 
.00 
.00 
.90 
.90 
.90 
.00 
.«0 
.»0 


Hfty. 


June. 


0.00 
.90 

Lao 

.90 
.90 
L3S 
1.40 
LIS 

Lia 

LOO 
.90 

.90  ^ 

.00 

.85 

10.40 

L8.'> 

1.10 

1.10 

1.10 

LOO 

.90 

.90 

.00 

.00 

.00 

.HO 

,m 

1.20 


July. 


1.06 

.00 

.m  ' 

I 

.70  I 

.70  I 
.70  r 

.70  I 

.to! 

.70  1 
.70  ' 
.70 

.70  I 

.ml 
.70 : 
.m 

.70 
L50 

l:io 
Lio 

L05 
l.UO 
.95 

.m 

1.S5 
l.GO 
1.35 
1.20 
1.05 
L20 
L05 


L2S 
1.10 
LIO 
.90 
.90 
.90 
.Ki 
,80 

,m 

.HO 
.75 
.70 
.70 
,70 
.U 

.m 
%m 

2.90 
'i.OO 
2.50 
2.30 
2.»0 

2,ao 

2.<'i0 
3.00 
3.^ 
3.50 
3.50 
3.55 
3.  GO 
a.  7ri 


Aujf.Uw^pt,'  <»«■(.'  Xnv.  '  l>rt*. 


II.  m 
».OEi 
4.20 

4.30 

a.  35 
2.70 
2.40 
2.25 
2.05 
LOft 
l.fl6 
LDO 
LW 
L90 
I.IL^ 
2.00 
2,5rj 
LHS 
2,25 
2.1fi 
2.00 
LW 
L  hi'i 
LffTi 
Lf>^ 
l.Ml 
1 .  40 
LSi'i 
L^IO 
L2r» 
121* 


l.JO 
1.25 
LAJ 
L4A 
4.05 
2.1-1 
LKTi 
l.HO 
L(i5 
L7fi 
L90 
2.0D 
'J,Ofi 
LH,1 
LtiTi 
I .  fKI 
L70 
2.^*t> 
L7.=i 
L5r» 
L.'iSJ 
].5(} 
L-l*> 
1.4'* 
1.40 
LS?-* 

l:w 

1.30 
\M 
1.30 


LJO 
L2£^ 
Lfl5 

\.m 

L40 
L40 
LW 
1.30 

\.m 

L'iO 
1.20 
L»0 
1.30 
1.30 
L'JO 
L.10 

i.:to 

\.^\ 

L:mj 

L30 
l.HO 
L£jO 
L3U 
L2U 
L20 

vao 

L20 
L20 

i.ao 

L20 


Ll» 

L20 

Li.% 

1.15 

L^I5 

LW 

1.30 

1.30 

Lit! 

L4U 

1.30 

L30 

L3C> 

L3t> 

L30 

1.20 

L20  ■ 

LW  ' 

!.!!;> 

L^tO 

I.IK) 

L40 : 

LStO 
LHO  ' 
1.30  ' 
L30  ' 
1.30  ' 
L30 
1.3U 
VMS 


1.30 
L30 

l.M 
1.30 

Lao 
LW 

i.:» 

1,30 

l:j5 
L.-il) 
LOO 
L50 
1.50 
1.50 
L40 
LIO 
L40 
1.40 
1.40 
1.10 
1.40 
1.40 
L40 
1.40 
1.40 
1.40 
1,40 
1.40 
L40 
L40 
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EMhnatvd  monthly  dwclmrge  of  Pecos  Rii^er  near  Moorhead,  Tex. 

Mouth. 


1902. 


January  . . . 
Fehnmry  . . 

Mart'h 

April 

May 

June 

July 

AugUHt 

8eptenil)er . 

0(!tol)er 

NoYenil>t»r  . 
De(t»nil)er  . 


Tilt*  vt»ar 


Discharge  in  necond-feet. 

Total  in  acre- 

Maximum. 

Minimum. 

Mean. 

feet 

1,000 

450 

675 

41,514 

im 

430 

559 

31,041 

HIO 

340 

421 

25,884 

1,760 

250 

411 

24,486 

11,100 

230 

640 

39,342 

590 

210 

319 

18,962 

2,160 

235 

885 

54,387 

2,  880 

425 

1,074 

66,030 

2,  :i70 

375 

678 

40,334 

740 

405 

430 

26,420 

500 

390 

425 

25,269 

5:i5 

365 

414 

25,478 

11,100 

210 

578 

419,107 

I»KCOH    RIVKR,    MARCiUKRKTTA    FLUMK,   AND   WEST  VALLEY  DITCH,  NEAR 

TKCOS,  TKX. 

The  suiniiuM-  flow  of  IVcos  KivcM*  is  largely  dependent  upon  numer- 
ous springs,  which  occur  in  the*  limestone  country  in  the  vicinity 
of  Koswell  and  below.  Owing  to  the  numerous  diversions  for  irri- 
gating ])urposes,  how(*ver,  the  river  would  be  dry  in  the  sumin^^' 
when*  it  crosses  into  Texas  w(M'(»  it  not  for  the  waters  which  are  gr^^' 
ually  returning  to  tin*  rivcM-  thi'ough  scn^page.  This  water,  unfoi'^^^' 
nately,  is  impregnated  to  a  consid(M'abl(»  extent  with  alkali^  wh^"^^ 
rcndcM's  it  und(\sira))le  for  irrigating  ])urpos(^s. 

The  station  on  the  INvos  Kiver  was  established  flanuary  1,  1898,  - 

Thomas  V .  Taylor,  and  is  located  a))()ut  (>  miles  above  Pecos,  Tex. . 
the  flume  of  the  AhirguiM'ctta  Canal  Company.     This  canal  diverts 
water  from  the  IVcos  Kiver  ']  mih»s  a))ove  the  flume  from  the  w 
side  of  the  river.     The  main  canal  flows  for  8  miles  on  the  west  s 
of  the  river  and  then  is  taken  bv  the  flumc^  across  the  Pecos  River 


the  east  side.     However,  before  it  reaches  th(^  flume  the  West  ValC         • 

canal  is  tak(Mi  out  of  the  main  canal  and  is  made  to  carry  water       ^ 

iof 

-be 


the  alfalfa  farms  on  the  west  side  of  the  river.     The  gage  consists 
a  graduated  strip  of  wood  att4u*hed  to  one  of  the  v(»rtical  bents  of 
flume  on  the  ui)per  side  of  the  same.     The  bench  mark  is  on  the  t— ***^^^ 
of  the  west  a})utment  or  pi(n*  on  the  north  side,  and  its  elevation 


js 


1 
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feet  aboFe  the  datum  of  the  gage.  The  channel  at  this  point  is 
r  straight,  the  water  at  low  stages  leather  sluggish,  the  banks 
and  the  bottom  sandy.  The  gage  heights  on  the  flume  are 
aed  by  measuring  the  depths  of  the  water  in  the  flume  at  the 
end.  The  zero  of  this  gage  is  at  the  bottom  of  the  flume.  The 
\  of  the  river  have  no  connection  with  each  other  except  that  they 
[eographically  at  the  same  place  on  the  river  and  have  the  same 
ver,  Willard  H.  Dennis,  who  reads  both  gages.  For  the  years 
and  19<>2  Mr.  Dennis  has  also  taken  the  measurements  of  the  flow 
c  Pecos,  the  flume,  and  the  ditch  at  this  station.  The  measure- 
s  are  made  above  the  flume  l)y  wading,  a  wire  l)eing  stret<?hed 
s  the  river  and  tagged  every  4  feet.  A  full  description  of  the 
s  and  ditches  in  this  section  is  given  on  page  62  of  Water-Supply 
r  No.  13. 

ixhartjf  mettmirements  of  Pecos  Hirer  and  Mnrgxieretta  flume  near  Perim^  Tex. 


Date. 

(iage  height 
Pe<^oH  River. 

Ffft. 
2.00 
2.00 
2.40 
2.20 
2.00 
2.10 
2. 15 
2.00 

2.  30 
1.90 

3.  f)0 
3.  30 
2.80 

PecoHRiverMaijrueretta 

1 

1902. 
iljer  2» 

S*etnnl-/€ti. 
119 
109 

Stctmdjtet, 

tS 

UK 

t6 

153  '              106 

rlO 

132  1              117 

rl4 

103  '              132 

rl8 

127                 123 

r21 

120                 V2fi 

r24 

107 
lfi2 
97 
390 
30H 
221 

r27 

130 

lier  :i 

126 

ber  3 

82 

\wrA 

87 

ber  H 

99 
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IHiicItartje  of  Wetft  VaUet/  ditch  near  Pecitttf  Tex, 


Date. 


DiH- 
charge. 


1902. 
March  24  .. 
Man'hSl  .. 
Aprils  .... 
April  14  ... 
April  21  ... 
April  28  ... 

May5 

May  12.... 
May  18.... 
May  26.... 

June  2 

June  9 


See.'/cct. 
10 
10 
10 
14 
16 
14 
16 
14 
16 
16 
18 
14 


Date. 
1902. 

June  16 

June  23 

June  29 

July6 

August  24 

August  31 

September  7 

September  14  . . . 
September  21  . . . 
September  28  . . . 

Oct<>l>er3 

Octoljer  5 


Uis*- 
char«:o. 


Scc./cct. 
16 
14 
14 
10 
16 
10 
16 
16 
14 
14 
14 
9 


I)tit<i. 


1902. 

October  6  . . . 

October  10  . . 

0<!tol>er  13  . . 

Oct^)ber  14  . . 

October  18  . . 

Oc!t4)l>er  19  . . 
I  Ot^tolwr  21  . . 

October  26  . . 

Octol)er  27  . . 
j  November  2. 

November  3. 


[sc 


char 


Daily  gage  height^  in  fe.ety  of  Pecos  River  near  Pecos,  Tejc, 


Day. 


1902. 


2 

8 

4 

5 

6 


Attn.  \  Feb, 


9.... 
10.... 
11... 
12. . . . 
13... 
14.... 
If). . . . 
16.... 


18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 


30 

S7 


4.W 
MO 
5,00 
5,00 

5.00 
4.90 

4.m 

4,00 
ft,  W> 

3J5 
X]5 
3,00 

2.*M\ 
•LHt 
2.  NO 
2.f*0 

2.75 
2.70 
2,70 

a.  70 

2.70 

2.70 
2.70 
^^,70 
J.  70 
2.70 
Z70 
2.  70 


2.70 
3.:*0 
3.50 
3.t4 

X^ 
3.50 

■i-!*5 
3.CI0 
3.70 
4.05 

4.ori 

3.90 
3.110 
3.  HO 
3.45 
3,10 
3.10 
3.tt^ 
2.&5 
2-90 
2.*ij 
2.K0 
■■.7u\ 

^.1^ 


XpT.  I  May. 


Juni^.  July. 


2.70  I 
2.70 
Uh70  I 
'l.m 

±m  I 

2fVt 

±AQ  . 
2.40  I 

2.m  ^ 

'2.:hi 

•2/m 

2,20  ' 

i.^'t  I 

l.TiU  ' 

l.So 
I.W  I 
J..v>  ^ 


0.90  I 
.90 

.Nfj  , 

.90 
.MO 

f  i 

•■*'! 

.TiO 

-i-'l 

.  to 

.,  10 
.10  ' 

.10  ! 

,io  , 
,  io 
.  io 
.io 

.  10 

H  411 
.10 
JO 


0. 40  I  0.  50 

.40       .ftO 


.40 
.40 
.40 
.40 
.40 
.40 


,.tO 
.SO 
.Mi 

3,(»rt 


.40     4,75 
.  40     fi.  TiO 


.40 
.10 


5,  i"i 
3.10 


.50  I  i.'^'t 


.HO 
.70 
.70 
.70 


.50 

.:»o 


.TK) 


l.(r> 

1.00 

a.  :>o 

{].  v» 
3.70 
2.  ST) 
2.  .'lO 
1.7.) 

i.:k) 
i.:iO 

".0  1.15 
".()  1.10 
1.10 


10 


1.10 
1.10 
1.10 

1JI.-> 

IhIO 
1. 10 
1. 10 

i.Trj 

9,00 
12.rt» 

7.70 
().  (H) 
5.10 
4..'»5 
3. 95 
3.>v'» 
G.  45 
8.70 
8.50 
11.70 
13.90 
12. :{.") 
9. 40 
7. 95 
7.70 

r..  sTt 
5.  '.Kl 


Au^, 


\ 


■4.46 

X§5 

a.  OS 

3.05 
4.00 
4.20 

1.00 

fvjrj 
4.25 
3.  75 
3.  .55 
3.40 
3.  :V5 
3. 25 
3.05 
2.90 
2.70 
2.5.5 
2.50 
2. 50 
2.  :i5 
2.30 
2. 20 
2. 15 
2. 05 
.00 


Hvpt 


2,00 

ioo 

2.00 
2.U0 
3,15 
3,30 
2.9) 

3.15 
3.:t'i 
3. 15 
3.10 
2,90 
2.80 
2. 45 
2.10 
2.05 
2.00 
2. 05 
2.10 
2. 45 
2. 50 
2.40 
2.00 
2.70 
2.  GO 
2. 40 
2. 15 
2.00 
2.00 


Dft,    Nov.    ri 


2.  00 
2.M 
2. 10 

2. 10 

2.:w 

2. 45 
2.20 
2.10 
2.10 
2.15 
2.15 
2. 10 
2. 10 
2.  a5 
2. 10 
2. 10 
2.10 
2.10 
2. 25 
2.30 
2. 10 
2.10 
2.10 
2.00 
2.30 

2.:w 

2.30 
2.30 
2. 15 
2. 05 
2.00  : 


I 


1.90 
1.95 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.05 
2. 10 
2.10 
2.10 
2.10 
2.  (R) 
2.  (K) 
2. 00 
2.00 
2.0t) 
2.1X» 
2. 00 
2.00 
2.00 
2.00 
2. 10 
2. 15 
2.00 
2.00 
2. 00 
2. 15 
40 
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^1. 


WL 


I... 
t.. 
t.. 
i.. 
t.. 
J... 
t,., 
%.... 

U.... 
B.... 
B.... 

a... 

M.... 

n.... 
n... 

a.... 
a.... 


JjUi. 


la... 
la... 

a... 

t... 


^9& 

3.00 
3.W 

3.10 
S.OQ 
^H 
2:80 

2.75 
%m 

17& 
2,75 
2.75 
2,75 
17^ 


Fiib. ,  Mar. 


1&! 
2.50 

IfiO  I 

2.40  , 

3L«a 

Z.55 

Z.fi5 

1.10 

L40 

1,2a 

1.35 

1.72 

2.A0 

3.  SO 

'h^40 

2.40 
2L3& 
2.20 

a.  30 
zao 

2.20 
2;  10 

2,ao 

2.40 
2.fiO 

Z40 


2.60 
2.60 
2.60 
2.60 
2.60 
2.eiQ 
3.110 


A  fur. 


Las 

'  L*ift 
l.tiO 

]  1.55 


J.Sa  r  1.60 
2,65  I  1.60 
2.60  1.W 
2.fta  j  1. 6ft 
2.42  2.10 
2.»1  I  2.2& 
a, 45  j  2.30 
2.26  I  ZOO 


2.25 
2.40 
2.40 
2.40 
2.^ 
2.4B 
2.1V 
140 
L86 
1.90 
2.00 
2.00 

a,u& 

3.10 
SO 


1.75 

1.75 
1.80 
1.80 
1.90 
1.90 
1.70 
1.40 
1.35 
1.45 
1.65 
1.G5 
1.76 
1.60 
1.65 


Mn>. 


I 


1,7» 

i.a& 
:!.oo 

1,S5 
1,70 
\M 
1.70 
1.70 
L70 
1.55 
U']0 
1,60 
LM) 
l.tiO 
1.75 
2.10 
2.(» 
2.00 
1.85 
1.60 
1.50 
1.60 
1.60 
1.75 
2.00 
1.95 
1.70 
1.65 
1.60 
1.45 
1.56 


JtUKi, 


L60 
L'la 
l.«2 
1.05 
2.60 
2.60 
2.66 
1.75 
1.9& 

2.ao 

2L32 

2.aa 

l.TW 
l.fiO 

t.oo 

2.28 

2.40 

2.50 

2. 45 

2.20 

'  2.80 

;  2.20 

2.05 

1.85 

I  1.75 

I  1.68 

I  1.65 

■  1.90 


Jul^-. 

Amie. 

L«0 

OvOU 

LTft 

.W 

t75 

.«o 

2.0$ 

L3A 

£.30 

1.55 

t.es 

l.VO 

1,30 

2.^ 

l.»0 

2.A6 

L96 

.^ 

LHO 

.«& 

t.4Ji 

3.00 

1,S0 

S.20 

xm 

3,60 

s.oo 

1,10 

zw 

.fiO 

2.M 

15 

2.:^ 

.00 

2.35 

00 

:l15 

lA 

1,65 

2.05 

2.45 

a.  to 

2,15 

3.35 

1.60 

3.B& 

lt6D 

3.50 

L60 

3.10 

1.50 

2.:io 

i.6iO 

2.50 

2L0ft 

2.00 

1.U0 

.55 

3.20 

.00 

2,30 

i^^i^^l. 


2.90 

2.ao 

3.310 
2.16 

too 

3.00 
t.«& 

1. 10 
1.25 
1.^5 
1.15 
1.60 
1.40 
SO 

r.«i 

l.?0 
1.70 
1.50 
^ti5 
2.10 
l.MO 
L80 
M»6 
21.10 
2.20 

2.m 

2.10 

3.10 
:;.iO 

2,06 


Oil. 

Nov.  1 

1 

IHX'. 

%\h 

2.30; 

•2.16 

2.25  . 

2.30 

2.15 

3.36 

2.25 

1.96 

2,a) 

2.30 

2.05 

2.40 

2.a'» 

'2.15 

2.30 

2.30 

2.10 

lOU 

2.30 

2.05 

2.UU 

2.30 

2.10 

2.10 

2.  '25 

2.15 

2.10 

2. 20 

2.20 

2,0ft 

2.21) 

2.30 

2.0ft 

2.20 

2.20 

2.10 

2.20 

2.20 

2.10 

2. 15 

2.20 

2.10 

1. 15 

2.30 

2L10 

2. 10 

2.25 

'L'JI^ 

2.10 

2. '20 

3.3U 

2.10 

2.20 

3.10 

2.10 

2.20 

2.  lU 

2.10 

2.20 

2.HU 

2. 15 

2.20 

2.»0 

2.2U 

2.30 

3.3U 

2.20 

2.80 

3.4U  I 

2.20 

2.30 

3.  iT 

2.20 

2.30 

3,;t5 

2.20 

2.20 

2.3.^ 

2,15 

2.30 

J.4U 

2. 15 

2.30 

3.310 

2.20 

2.30 

2,ao 

2.00  ; 

2.80 

2.30 

2.30 

Rating  table  fur  Pecos  River  near  Pecos,  Tejr.,  fur  190 J.  » 


DijicharKO. 

'      Gaffe 
height. 

Diw^hHixt*. 

Gu«e 
height. 

r)lj4<.'lmrKf. 

Srrond/ert. 

Fert. 

SfCfrnd-feet. 

fM. 

Stn*ml-/t<t. 

77 

3.0 

240 

4.3 

574 

8«3 

3.1 

260 

4.4 

60<) 

90 

3.2 

280 

4.5 

640 

98 

3.3 

.302 

4.6 

674 

107 

3.4 

324 

4.7 

710 

117 

3.5 

348 

4.8 

746 

128 

3. 6 

372 

4.9 

784 

140 

3.  7 

398 

5.0 

822 

154 

3.  8 

425 

r>.  5 

1,022 

170 

3. 9 

453 

6.0 

1,  222 

186 

4.0 

482 

6.5 

1,422 

204 

4.1 

512 

7.0 

1,622 

222 

^•2 

542     i 

7.5 

1,822 

hdjht. 
hrt 

I  '•' 

1.8 

1.9 

!    2.0 

2.1 

I    2.2 

'    2.3 

'  2.5 
2.6 
2.7 
2.8 
2.9 


"Thi»  in  innde  uj>  from  iin'««ijrriii«»iii.«*  of  tJw  rivvr  only;  do«i  not  inrlwfc  dltoh  or  flume. 


1      <iaKe 
height. 

DiM'harge. 

Fett. 

Sfcoiui-fcti. 

8.0 

2, 022 

8.5 

2, 222 

9.0 

2  422 

9.5 

2,622 

,     10.0 

2,822 

,     10.5 

3, 022 

11     11.0 

3,222 

;     11.5 

3,422 

;'  12.0 

3, 622 

':   12.5 

3,  822 

:   13.0 

4,022 

13. 5 

1 

4,222 
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EaimaUd  monUdy  discliarge  of  Pecoa  River  nmr  Peco»j  Tex. 


Month. 


1902. 

Jauiiary 

February 

March  ltol9« 

June  7  t<»  13  ami  IH  to  23  « . 

July  10t4»31« 

August 

September 

October 

November 

De(!eml)er 


IHsi'haiXi'  ii»  Hcoond-fef  t. 


Maximum,  i  Miniumm. 


Mean. 


Total 
H<Te-f< 


862 
497 


185 
170 


1,882 
313 
147 
140 
385 


98 
98 
98 
90 
170 


:wi 

o; 

\m 

u 

144 

r 

577 

1-^ 

,881 

81 

:Ki 

Of 

ir>7 

< 

112 

( 

102 

{ 

2a5 

11 

(I  Ah  no  diHi'.harKe  meaKurementR  have  been  made  at  low  water,  diwhargeH  for  gage  heights  < 
than  1.7  feet  c^aii  not  be  cH»mputed.  Ga^c  height  of  1.7  fe<*t  correHiKindM  to  a  di.seharge  of  77  Mr 
feet.  For  perio«b«  not  covered  by  abc»ve  table  difiohargeK  wert»  lew  than  77  weeond-fei't.  See  tii 
gage  heiglitJt. 

RIO   GRANDE   AT   LANCITRY,  TEX. 

This  station  was  established  in  April,  19CH),  by  the  Internati 
(Water)  Boundary  (commission.  It  is  loi-ated  one-half  mile  soiitl 
Langtry  station,  on  the  Soiith(»rn  Facitic  Kiiilway,  and  is  about 
miles  l)elow  El  Paso,  Tex.,  at  the  eastiM-n  end  of  the  eanyon  s(H' 
of  the  Rio  Grande,  and  a  short  distiinee  to  the  west  of  the  nioutl 
Peeos  River,  one  of  the  principal  trilmt^iries  of  the  Rio  (ininde. 

l>m'hni'<ff  metiJ*iirt'iiinttx  of  the  Rio  (irande  at  Ixiiujtnjy  T*j\ 
[Made  ]»y  Jus.  T.  IlHKue  ami  J.  1).  Dillanl.] 


Dati-. 


lu'iK'ht. 


1902.  ''''''• 

January  3 0.  M 

Jamiary  7 .!> 

January  9 \) 

January  12 9 

January  17 1.0 

January  20 1.0 

January  24 .  1» 

January  27 1.0 

January  31 .  iio 

February  3 1.0 

Kebniary  7 1.0 

Ft-ltnmrv  11 .95 


Diwhaiye. 

Semiiil-frft. 
H(M3 
084 
5VI2 
r>4« 
589 
fi51 
554 
030 
MVA 
571 
503 
550 


bate. 

1902. 
Fe})ruary  14 
February  IS 
Fe})ruary  21 
Fe})ruary  25 
Feiimary  28 
March  3  . . . . 

March  t\ 

Marcli  10... 
Marcli  13... 
March  15  . . . 
Marcli  18... 
Marcl\  '1\  ... 


0.  tl5 
1.0 
.9 
.9 
.  iJ 
.  S 
.  8 
.8 
.  S 
.8 


I)is.li: 
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Diaeharge.  meatiuremetUs  of  the  Rio  Grattde  at  Liingtry^  Tex. — (continued. 


Date. 


1902. 
25... 


31. 


12. 
17. 
21. 
24. 

28. 


).. 
I.. 

«.. 
2.. 
B.. 
1.. 
14. 


hei^t 


Fttt. 
.7 
.7 
.66 
.65 
.65 
.65 
.65 
1.0 
.7 
.65 
.65 
.6 
1.35 
.65 
.6 
1.1 
2.2 
.75 
.7 
1.7 
.75 
.7 

1.35 
1.0 
1.8 
.7* 
1.9 
.85 
2.95 
5.0 
2.35 
3.0 
8.0 
5.45 
3.4 


Discharge. 


Second-feet. 

391 

403 

370 

362 

373 

361 

368 

591 

378 

318 

304 

283 

845 

310 

286 

656 

1,899 

362 

329 

1,189 

358 

305 

797 

501 

1,269 

316 

1,360 

382 

3,067 

6,696 

2, 125 

2,997 

12,  962 

7,599 

3,902 


Date. 

hei^t. 

1902. 

Feet. 

Auf^st  8 

2.95 

August  13 

2.3 

August  18 

3.  95 

August  22 

4.0 

August  26 

5.9 

August  30 

5.45 

September  3 

5.15 

September  7 

7.95 

September  11 

10.65 

September  20 

3.8 

September  24 

3.1 

September  28 

2.6 

September  30 

2.7 

October  3 

2.75 
2.35 

2.8 

2.:^ 

2.0 

1.8 

1.7 

1.65 

1.7 

October  7 

October  11 

October  15 

OctolKjr  19 

October  2:^ 

Octolwr  27 

Octol)er31 

November  4 

November  8 

1.8 

November  12 

1.5 

November  16 

1.4 

Noveml)er  20 

i.:i5 

November  24 

1.35 

NovemK-r  28 

1.3 

De(!eml:)er  1 

1.3 

December  5- 

1. 9     ' 

December  10 

l.S.'S  1 

December  15 

l..%5  1 

December  20 

1.4 

De<;ember  26 

l.:i5 

1 

Discharge. 

Smtnd-/ed. 

3,060 

2,043 

5,066 

5,263 

9, 328 

8,268 

7,843 

14, 979 

23,471 

4,749 

3,261 

2,:360 

2, 532 

2,523 

1,957 

2,661 

2,011 

1,540 

1,317 

1,202 

1,142 

1,222 

1,324 

1,032 

9:^ 

868 

863 

815 

779 

1,4:« 

839 

831 

893 

845 
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Daily  gage  height  j  infect,  of  the  Rio  Grande  at  Ixinglry,  Tejc. 


[Kaft 


Diiy. 


1... 

h... 
«... 

IS... 
14,.. 

17... 
Ifi... 
19... 

21-.. 


7A. 

ae. 

28. 
29.. 

30. 
31. 


Jan.    Fisb. 


0.90 
.QO 
.90 
.UO 
.«» 
.90 
.W 
.40 
.90 

,m 
.w» 

.91) 
LIO 
LI* 

1.10 
1,00 
1,00 
1.00 
1. 00 
1.00 
LOO 
LOO 
.ft'i 

uon 

1,00 
LOO 

\.m 

.90 


0.90 

LOO 

LOO 

LOO 

LOO 

LOO 

LM 

LOO 

l.€0 

LOO 

.96 

,95 

.96 

.96 

.9^ 

.UO 

.90 

LOO 

M 

.90 

.90 

.90 

.90 

.90 

-90 ; 

.w ! 

,9(»  I 


Mu-, 

Apr. 

O.DO 

0,65 

.SO 

.6fi 

.SO 

.Ar> 

.« 

,e& 

.flO 

.65 

.86 

,6.5 

.90 

.65 

.SO 

,66 

.SO 

,66 

.M 

.&5 

,w 

.Ufi 

.so 

,06 

.m 

:>.&5 

.m 

LOO 

.^ 

2.15 

.»o 

2.06 

.80 

L40 

.75^ 

.SO 

.% 

.«0 

.75 

.« 

.75 

.80 

.76 

,75 

.70 

,10 

.70 

.tifi 

.70 

.«& 

.70  . 
.70, 
-TO  , 
.70 


0.«6 

,m 

.iiO 
.70 
L56 
.W 
,«i5 
.6!] 
.65 
,W 

,eo 

.60 

,75 
LIO 

.95 

.SO 
it  46 
Lift  I 

.85 

.80 

.76 

.76 
L3(> 

,H0 

,76 

.76 

.75 
LBO 

\,m\ 


LOO 

.SO 

.75 

.75 

^n 

.70 

.70 

LOO 

L« 

L70 

L40 

1.116 

L20 

LIO 

1,10 

LIS 

L^ 

\.m 
\.m 

LIO 
LOO 

.7?> 
,70 
,70 


July.  Aupc, 


BeiiL 


L6fi 

.W  . 
LOO  I 

.90 

.8ft 

.90 
LIO 
1.^ 
^20 

3.a\ 

2.00 
2.90 
7.00 
4.80 

A.  60 

2.-i5 
2,95 


H.20 
2.90 
4.;^ 
4.00 
10.  l.'^ 
7.60 
7.46 
7. 7-'^ 
.s.,«| 

5.  i:»  I 


L76 
%.H0 

2.yo 

3.70 
3,7<J 

%m 
%m 

3.60 
2,60 
■2,J6 
Le6 
6.26 
5.6S 
.•t.2ft 
4.40 
S.96 
3.9i5 
4.05 
^.^ 
S.M 
3,76 
4.46 
5.10 


>i.90  !  .2 
6.16 

L.Vi 

♦».  10 


5.90 
^80 
6.4.^ 
ti.40 
7.00 
7.S5 
8.10 
10.40 
14.  €6 
12.  g& 
10.65 
10,06 
a.K5 
7.25 
0.40 
^.70 
5,05 
4.:*^ 
4.05 

6.25 
.5.05 
S..% 
3.05 
2,95 

2,yu 

a.  76 

'i.7(S 

'J,  7iS 


Of'L    Kfiv.  J 


I 


S.JO 
3.40 

%/^ 
a.  40 

2.65 
2.40 
2,20 

2.  U> 
2.7'* 
'.i.70 
'l.m 
2.55 
2.  SO 
2.20 

-»■■* 

2.0,T  I 
2.00  I 

L90 

LS5 

L«0  ' 

Lwl 

L75  I 
I 
L«.t 

L7n 

1.7a' 

1.70 

M^i 

i.a)  1 


2.56 
1.96 

2.16 
L95 
2.K& 

2.ri5 

iOO 

l.« 

LH5 
L'i5 
L50 
I.hIiO 
1.45 
L45 
L4D 
L40 
1.40 
L40 
1.40 
L4Q 

La-^ 

1.35 
l.ttt 
L41» 
L7t) 
LKi 
L;ff> 
LIU 


Lai 
].« 

LP 
LS 
LB 
LG 

LS 
LS 

\M 

La 
La 

LS 
LB 
L9 
L4 
L4 
L4 
L« 
L4I 
L4I 
l.« 
1.10 
l.« 
L« 
l.tf 
LM 

IS) 

1.35 


Katimatt'l  monthly  dMuirg*'  of  thr  Rio  dniiulf  <U  Dnigtri/,  Tex. 


Month. 


1902. 


I)is<'liurK»'  in  H-cond-fect. 


Maxiiiiuin.      Miniiiinin. 


Mean. 


January 820  I 

Febniary 580  l 

March '  530  | 

April I  .S,;^80  i 

May 2,250 

June 5,  1 70 

July •  20,800 

August 10,  550  I 

September 38,  200 

OetolH^r 3,  <HX) 

November 2,  740 

De<'ember 1 ,  330 


550 

510 

370 

305 

285 

305 

380 

,  250 

,440 

,  080 

SI  5 

780 


-.  I 


11, 
1, 


The  year. 


38,  200 


285 


(><>3 
542 
4.35 
611 
544 
745 

672 
\iSO 
948 
UK) 
917 

,449 


Total  in 
arrc-feel. 


40,  760 

30,08« 

26,717 

.36, 8()7 

:i,3, 4.M 

44,301 

305, 216 

;U8,  7:^ 

664,  {M6 

119,782 

70,  800 

56, 37C 

1,776,63^ 


RIO  GBANDE   DBAINAGE   BASIN. 
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BIO  GBANDE  BELOW   PBESIDIO,  TEX. 

IS  station  was  established  April  8,  1900,  by  the  International 
er)  Boundary  Commission.  It  is  6  miles  below  Presidio,  also 
r  the  mouth  of  Conchos  River,  and  about  215  miles  below  El  Paso, 
at  the  western  end  of  the  canyon  section  of  the  Rio  Grande, 
lischarge  at  this  station,  minus  the  discharge  at  the  station  at)ove 
die,  Tex. ,  gives  the  discharge  of  the  Conchos,  except  at  rare  inter- 
»rhen  some  rain  water  enters  the  Rio  Grande  from  the  north. 


Di9charge  mea9uremenU  of  the  Rio  Grande  helmv  IWsidiOy  Tex.  « 
[Made  by  8.  D.  Church  and  J.  P.  Hague.] 


Date. 

1902. 
3 

6 

10 ... . 
12.... 
14... 

17 

19.... 
21  ... . 
24 ... . 
26.... 
28.... 


11  . 
14. 
16. 
18. 
21. 
23. 
25. 


2. 


he^ht. 

Discharge. 

Feel. 

Second-feet. 

4.2 

98 

4.2 

85 

4.1 

77 

4.0 

58 

3.9 

52 

3.9 

51 

3.9 

48 

3.8 

41 

3.8 

35 

3.7 

30 

3.7 

32 

3.7 

32 

3.7 

32 

3.7 

29 

3.6 

26 

3.6 

25 

3.6 

22 

3.6 

23 

3.6 

22 

1      3.5 

20 

3.5 

21 

3.5 

20 

3.4 

13 

1      3.4 

12 

'      3.4 

11 

3.4 

10 

3.5 

8 

3.9 

7 

6.85 

405 

Date. 


height. 


1902.  Feet. 

June  11 4. 

June  13 5.2 

June  16 4.7 

June  20 4.5 

July  2 8.55 

July  4 5.0 

July  7 7.3 

July  9 8.9 

July  14 8.05 

July  16 8.2 

July  18 7.65 

July  21 I  9.4 

July  22 1  11.0 

July  24 ;  12.15 

July  26 12.2 

July  28 '  11.4 

i  July  m 9.6 

I  August  1 8.9 

I  AugUHt4 7.6 

I  August  6 8.8 

i  Augut?t8 7.  7 

;  August  10 8.3 

I  AugU8tl2 10.8 

I  August  14 10.2 

I  AugU8tl6 10.25 

!  AugustlS 9.75 

I  August  20 9.85 

j  AugU8t22 9.8 

'  August24 !  11.3 


DiKchargc. 

Second-feet. 

26 

74 

30 

15 

2,275 

170 

517 

3,086 

2,156 

2,265 

1,473 

4,883 

9,539 

13, 706 

14,352 

10,579 

5, 313 

3,601 

1,854 

1,909 

1,528 

1,794 

7,o:^ 

5,999 
6,082 
4,971 
5,426 
5,416 
8,831 


0  m^asareiiiQntN  for  January  and  February,  1902.     Daily  flow  computed  from  gage  record. 
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DUeharffe  meaturemeniB  of  the  Rio  Qrande  below  Presidio,  Tex, — Continued. 


Dftte. 


19Q2. 

Ai]gOBt26 

AogurtSS 

AugOBtdO 

Stpteoaiber  1 .. 
8optemb6r  4 .. 
SeptomlNHrS.. 
8eptemlNHr9.. 
SeptemlNHr  11 . 
SopteBoiber  15 . 
Sflptember  17 . 
Sflptember  19 . 
Septembor  20 . 
Sflptember  22 . 
September  24 . 
Septembor  25 . 
Septembers?. 
September  29. 

October  1 

Octobers 

October  6 

Octobers 

October  10 

October  13. . . . 
October  15.... 
October  17.... 


Oaga 
&elght. 


helg] 


FbeL 

lao 

11.4 

11.45 

10.15 

12.85 

16.75 

18.7 

12.5 

10.5 

8.3 

8.2 

7.7 

7.5 

7.5 

7.5 

7.8 

7.15 

7.1 

6.85 

6.65 

7.6 

7.2 

6.8 

6.6 

6.4 


Diflchaige. 


Seeondr/eeL 

5,776 

10,361 

10,522 

5,781 

15,932 

32,962 

23,771 

17,686 

7,169 

3,669 

3,396 

2,652 

2,125 

2,125 

2,157 

1,9^ 

1,742 

1,617 

1,438 

1,245 

2,230 

1,963 

1,758 

1,080 

1,010 


D«te. 


1902. 
October'20. . . 
October  23... 
October  25... 
October  27... 
October  30... 
November  1.. 
November  4.. 
November?.. 
November  10. 
November  13. 
November  16. 
November  19. 
November  22. 
November  25. 
November  28. 
December  1.. 
December  6. . 
December  9.. 
December  12. 
December  15. 
Deceml>er  18. 
Deceml)er  21 . 
Deceml>er  24. 
December  27 . 
December  J^O. 


Feel. 
6.2 
6.05 
6.0 
5.8 
6.05 
5.7 
5.65 
5.4 
5.4 
5.2 
5.15 
5.1 
5.05 
5.0 
5.0 
6.5 
5.4 
5.2 
5.2 
5.35 
5.3 
5. 25 
5.a5 
5.a5 
5.05 


DiMch) 


Daily  gage  height,  hi  feet,  of  the  Rio  Grande  hehjir  /V<y»»rf<V),  Tea: 


Day. 

Jftfi. 

1902. 
1  , 

^CU 

2 

i.&h 

Feb.    Mar.    Apr.  ;  May.  I  June.!  July 


8.. 

4.. 

6.. 

6.. 

7.. 

8., 

9., 
10. 
11.. 
12.. 
18. 


4.  BO 
4.90 
A.  40 


5.15 
;  5.10 

kit 


4.  HO 
4.75 
4.65 
4.60 
4.60 
4.60 
4.70 
4.65 

4.45 

4.40 

40 

!.» 


4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.20 
4.15 
4.  0 
IJQ 
iJu 
4.00 
&» 


3.70 
8.70  '■ 
3.70  I 
3.70 
3.70 
3.70 
3. 70 
3.70 
3.60 
3.60  I 
3.60  I 
3.60 
3.60  i 
8.60  I 


3.45 
8.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
3.40 
4.35 


3.90 
3.90 

3.90 ; 

3.90  I 

8.90 

3.90 

3.90 

5.60 

7.40 

5.30 

4.70 

4.70 

5.20 

5.10 


4.75 
8.15 
5.50 
5.00 
5.00 
6.60 
7.45 
H.40 
9.10 
11.60 
12.20 
10.30 
9.15 
8.05 


Auk.  !  St'pt     Oct.    Nov. 


r 


8.70 
8.20 
7.90 
7.65 
7.70 
8.45 
7.  .V> 
7.70 
7.50 
8.40 
11.50 
11.40 
10.40 
10.30  i 


10.60 
10.20 
11.10 
12.85 
14. '25 
16.50 
17.95 
16.65 
14.00 
12.90 
12.65 
12.45 
12. 15 
11.  (» 


7.10  .  5.80  ■ 
8.15  ;  6.65  I 
6.S5  I  7. '25 
6.80     5.  HO  I 


6.80 
6.65 
7.45 
7.65 
7.45 
7.25 
7.10 


5. 65 

.5.50 

5. 45 

5.40 

;  5.40 

'  5.40 

.  5.30 


6.90  I  5.30 
6.80  I  5.15 
6,70  I  5.20 


I  niiLL.1 


BIO   GRANDE   DRAINAGE   BASIN. 
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IhtiUf  gage  height^  infeety  of  the  Hio  (irande  Itelow  l^emlio^  Trx. — ContiinuHl. 

JnttcJ  July.     Aug.     Si'pt.  j  <)<-t.  I  Nov.  I 


DiT. 


Jftn. 


fi.00 
4.i0 
4.80 
:  4.90 
I  5.15 
I  5.15 
;  5.00 
I  5.00 
;  4.90 
j  4.80 
I  5. 10 
i  5.30 
I  5.30 
'  5.20 
'  5.15 
'  6.00 
'  4.90 


4,30 

4,30 

4.30 
4.30 

A,m 

4.25 
4.30 
4. 2D 
4.20 
4,^ 
4.20 
4.20 


W^t. 


.1.90 

s.eo 

ft.  90 

a.  90 

3,90 
3.90 

3.«0 

a.  so 

3.70 
3.?0 
3.  TO 
3.70 


Apr. 

umr. 

%.m 

xm 

3.60 

3.00 

%.m 

».40 

%.m 

3.fl0 

t.m 

3.50 

xm 

a.fio 

3.50 

3.&0 

S,M 

3.50 

3.00 

3.^ 

3.50 

3.50 

S.50 

h.m 

3.50 

4.00 

3.50 

3.90 

a.  SO 

».«» 

3.50 

3.90 

3.50 

3.0O 

S.90 

4.J*5 

4.70 

4.^ 

4M 

1.55 

4.00 

4.4» 

4.40 

4.40  I 

4.40  ' 

4.40 

4,40 

4.40 

4.40 

4.30 

4.30 


7.70 
8.20 
7.80 
7.65 
7.40 
9.80 
9.40 
12.25 
12.fi0 
12. 10 
12.10 
12.75 
12.00 
11.50 
10.50 


9.f0  I 
8.95  j 


10.10 
10.20 
9.70 
9.90 
9.90 
9.85 
10.00 
9.95 
10.80 
11.40 
11.40 
10.20 
10.80 
11.50 
11.55 
11.40 
11.30 


9.90 

8.30 

9.90 

8.15 

9.85 

7.75 

10.00 

7.60 

9.95 

7.50 

10.80 

7.60 

11.40 

7.50 

11.40 

7. 45 

10.55 
9.35 
8.50 
30 
15 
75 
60 
50 
60 
50 
45 
7.50 
7.35 
7.25 
7. 15 
7.10 


6.60  I 
6.50  j 

r..40  j 

6.30  I 
6.20 
6.20 
6.20  I 
6.10  I 
6.05  ' 
6.00  . 
6.00 
I  5.90 
'  5.80 
I  5.80 
I  5.80 
I  6.00 
5.R5 


5.20 
5. 15 
5.10 
5. 10  I 
5.10, 
5. 10 

5. 10  ; 
5.a5 1 

5.00  I 
5.00  I 
5.00  I 
5.00  i 
5.00  I 
5.00  ; 
5.00  I 

5.00  ' 

I 


I>w. 


5.35 
5,40 
5.30 
5.90 
5.30 
5.20 
5.25 
5.10 
5.10 
5.05 
5.05 
5.05 
5.05 
5.05 
5.05 
5.06 
5.00 


Etiimaied  monthly  discharge  of  the  Rio  (irmuh'  helow  Prexidiity  Tc.i 


Month. 


1902. 
Jaouan' 

Februan' 

Mari'h 

April 

May 

June 

July 

AogUHt 

September 

OctolxT 

November 

December 

The  year 


Mnximuni. 


Diwharjff  in  wc<ni<l-ft'ot. 

Minimum.  '       Mean. 


'  Tutnl  in  M<Te- 
fiet. 


:i50 

220 
100 
80  j 

025 

17,100  I 

10,900  i 

45,0(X)  i 

:J,320  ! 

2,000  j 

1,070 


45,  (XK) 


220 

259 

100 

141 

:^o 

59 

20 

24 

10 

11 

10 

48 

40 

5 

918 

i,;500 

'' 

702 

1,6H0 

10 

755 

720 

1 

:m 

415 

590 

:i80 

493 

10 

2 

109 

15,907 

7,8:i5 

:5,  (ilO 

1,448 

074 

2, 8()6 

'  ,ms,888 

:550,  618 

♦>:?9,  947 

80,212 

35, 098 

30,317 

1,532,420 


RIO   GRANDE    ABOVE    PKESIDK),    TK.\. 

This  station  wa.s  establi.shod  April  4,  1JM)U,  hy  the  International 
(^Vater)  Boundary  Commission.  It  is  7  miles  uhove  Presidio  and 
above  the  mouth  of  Conchos  RivcM*,  one  of  the  prineii)al  tributaries  of 
the  Rio  Grande,  and  is  about  2()()  mih\s  below  El  Pa.so.  Its  location 
is  far  enough  above  the  mouth  of  Conchos  River  to  be  free  from  the 
effe<;ts  of  backwater  from  that  stream. 
IBR  84—03 Ji^ 
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STREAM   MEASUREMENTS   IN   1902,  PART  HI. 


IN< 


Discharge  meamrements  of  the  Rio  Grande  above  PresidiOy  jT&t.** 
[Made  hy  J.  P.  Hague.] 


Date. 

Gage 
height. 

Discharge. 

1 

Date. 

1 

Gage 
height. 

Dischai 

1902. 
July  5 

1.4 
4.0 
4.1 
2.55 
1.95 
1.55 
7.3 
5.6 
2.15 
1.75 
.9 

Second-feet. 

53 

857 

943 

289 

143 

61 

2,683 

1,326 

193 

62 

14 

1902. 
1  August  11 

Fni. 
5.5 
2.65 
2.4 
2.0 
3.45 
2.1 
2.0 

.7 
1.5 
1.0 

.8 

1 

July  10 

August  13 

July  12 

August  15 

July  15 

September  2 

September  5 

September  8 

'  September  10 

October  12 

July  17 

July  19 

July  23 

July  25 

July  29 

j  Novembers 

1  Novembers ' 

1  Novembers 

July  31 

August  2 

(I  No  raea.MurcmontM  made  at  thiH  station  during  January,  February,  and  Decemljer,  19Q2. 
Daily  flow  computed  from  gage  record.  River  was  dry  during  May  and  June,  1902. 

Daily  gage  height j  in  feet ^  of  the  Rio  Grande  above  Presidio^  Tew. 


Day. 

Jan. 

Feb. 

yUiT.    A|ir    May. 

June, 

Jul)*.   Aug. 

Sept. 

Oct 

j  NOV.  , 

1902. 
1 

1.20 
1.20 
1.10 
1.00 
1.10 

i.r.o 
i.:.<» 
l..'.o 
1.10 
1.10 
1.40 
1,40 

l.m 

1,20 
LID 
1,:MJ 
I,  so 

L.'iO 
1.40 
1.4D 
1.3U 
!.:» 
].»> 

l.CO 
l.QO 
l.W 
1.40 

1.30 
1.:jo 
1.25 

1.60 

3  55 

0  90  j 

2       .                  

ll,0& 

0  95 

3.55  i 

4.85  1 

4.a5  ' 

3  40     1  A.S 

3  55 

3 

\.>n" 

0.76  1 

1    40 

1  75 

5 

1            1          ■ 

^•-^ , ' 

1  20                            ' 

i     1.20    . 

1  00  1 

C 

1.30 
1.  U» 
1.  lU 
1  30 

1,11 

4.35 

0.75 

0  90 

i                      1           1           1 

3.  (-.5 
2. 15 
2.00 
1.90 
O.sO 

i 
1  05    . 

8 

9 

' '  0.  5,^ 

0.  S>    . 
0  '^5 

10 

l.-Jo    1 1 1 

4.05     1.20 
r..  45     5.  50 

11            

I.JO 
1    10 

1 i 1 

1. 

12 

1            ,            1 

3  W 

5.20 

ft  r^ 

1 

13 

0,9U 
0.70 

.7. 

'>  .V)  1 

' 

11                                 .   . 

2,  HO     3. 10 
2.Ij5  I  2.20 

1 

1 

If) ,, 

1                        1 

1 

1 

16 

2.15     1.15  1 1 

hm    ' 1 

1 

i,riO  1 

LnO    ' - 

'. 

17 

t            '            [ 

1 

IS 

19     

1 

20 

21 

„_ 

3  20 
."i  25 

1 1 

1             1 

1 

<>•) 

4  K(> 

1 

23 

1 

7  m 

1 1 

1 

24 

1                        , 

Tp  rvT 

25     . 

1 

fi.  7(} 



2«) 

i 

1 

1 

27 

! 

1 

2H _ 

1       1 

2.a> 

, 

2".> 

i            1             ' 

30 

1 

1 

31 

1  ..       . 

1,7^1 : 

1      :       1 

1 

"  On  da 

ys  for 

^«re  arc  no  gage 

beigh 

is  the  \ 

nvcr  \ 

•fts  dr 

V, 
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EtHmaUd  monthly  discharge  of  the  Rio  Grtinde  River  aftove  I^reMdiOj  Te.r. 

Dificharge  in  second-feet. 

Mean. 


Month. 


1902. 


Jaoiuuy .. 
f  ebniary . 
Mtrch... 

April 

May 

June 

July 


September. 
Odober.... 
November  , 
December  . 


The  year 


Maximum. 


130 

70 

0 

0 

0 

60 

2,740 

1,250 

1,080 

70 

670 

240 


2,740 


Minimum. 


40 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


29 

0 

0 

0 

3 

568 

102 

205 

3 

28 

S 


Total  in  acre- 
feet. 


85 


4,741 

1,607 

0 

0 

0 

159 

34, 929 

6,288 

12, 198 

198 

1,676 

496 

62,292 


RIO   GRANDE   NEAR    FORT   HANCOCK,  TEX. 

This  station  was  established  by  the  International  (Water)  Boundary 
Commission  March  27,  1900.  It  is  1^  miles  southeast  of  Fort  Han- 
cock, on  the  Southern  Pacific  Railway,  in  the  El  Paso  Valley,  and  is 
about  55  miles  below  El  Paso. 

Discharge  mectsuremenis  of  the  Rio  Grande  near  Fori  Jlancockf  r<'.f.<' 
[Made  by  A.  L.  Wilcox  and  F.  W.  Carpenter.] 


Date. 


1902. 

July  21 

•^Uly23 

Jtily24 

4ngust  30  . . . 
^ptember  1  . 


height. 

Fed. 
2.5 
3.0 
2.4 
6.3 
7.0 


Dischaixe. 


Second-feet. 

6 

18 

5 

808 

i,o:m 


Date. 

1902. 

September  4 

September  6 

September  9 

I  September  12 |        2. 1 


Gage 
height. 


Disi'hnrge. 


Ootolx»r  ' 


Fed.         Scamd-fed. 

4.5  j  249 

3.4  I  81 

3.  2  i  72 

8 

16 


I 


2.5 


«  No  measiireraenta  made  at  this  Btation  during  months  of  January  and  February. 

Daily  flow  computed  from  gage  heights. 

River  was  dry  during  March,  April,  May,  and  June,  1902. 

No  Dicasurementa  were  made  at  this  station  during  Novemlnn  and  Decendn'r,  19(L».     River  wawdry. 


180 


STREAM    WLEA8UBEMENT8   IN    1902,  PART   III.  [NaSt 

Jkiiitf  (jiuje  lu'igfUj  in  feety  of  tfui  Rut  Gmiule  iwnr  Fort  Hancock,  Tex. " 


I)a> 

1  Jan.    Feb.  j  Mar.    Apr. 

1          1          1 
May.  June.  July.  Aug.   J^cpt.    Oct.     Nov.     Dtc. 

1            1                                  '.1 

1902 
1 

4.S0      P  Mi  ; 1 

1 
' 0.90 

3.35 
3. 05 
2.70 

2 

4  90     ~k  "iti              ' 

1  .%  j<5 

3 

'ft!  00  1.;, -.J ' 

1            1 

5  20 

4. 

'  5.10  i  -'*  :<ti  '        ..! 

'                                     4  00 

5 

1  5. 10     .'*  lu  1  1  -.  .. 

' ; ' '  4.00  '  3.90 

:   .   ..    '     .   ..    3.35     'J*  <« 

6 

5.10    ;»  :ni  i ; 



7 

5.20     ■*  ;n>  1 

3.30 

2.35 
2.00 

8 

'  6.30     -V.  ill  ' 

' 1 i '3.'i0 

9 

'  5.30     -%  Hk  '       ...' 

1            '            '              3.15 

10 

5  40     5  20  1 

1          •  1            '               •>  75                         . 

11 

5  50     5  •'0  ! 

i:::;::::?::::::.::::::!^:; 

2.10 

' 4.30  ' '2.00 

12 

,     '^      '-^  1 1 

5.50     5  20 

13 

S.fiO     5.30  ' ' 



14 

'  5.70     5.30  '          .' 

1 

15 

5.70     5  30  1 ' 

1 

16 

5.H0     5.20    • 

; 1 

1 

17 

5.«0     4.95  • ' 

1            ,      1 

1 

18    .. 

5.70     4  75 

1      1 

1 

19 

5  70      1  .i.^              1 

1                   2.45 

1 

20 

5.50      l.:i^^   I 

5.W        1    LKI     ' 

' 1  5.40    '  2.40 

I  2.15  ' 1  2.10 

-              4  40  ' 

i 

21 

1 

22 

5.75     3  75              ' 

1 

23 

5.J<0  i                       ' 

1            '  3".50 

1 

24 

5.70                .          1  .   . 

..       1            '240       '..J 

25.       .  .   . 

5.«i0                          '  ..   .. 

1 

26 

5. 1*0                . .   . .   ' 

' 1 

1             1 

'*7 

.-..CO                         ' 

:?  JO 

1 1 

28 

h.m          '         ' 

■*   (iO    , 

1 

20 

:..W           ! 

I5.15 ^ 

30 

r,m'         1 

:>.oo  1  J.  05 

! 

31. 

'».  10                  .             

-T.:;.,, 

1             i 

1 

fiOii  tin-  days  f<»r  which  no  k"K»'  heights  arc  j^ivcn  \hv  river  was  <lry. 
Kstiinftttfi  iiiontlili/  (ri.'<rln!rtjt'  of  fhr  Jiio  (h'dmh  nenr  Fort  llnuntck,   T»x. 

I  I)is<'h»iru«'  in  siM-ond-fcct.  j 

I  I 

Muxiinuni.      Minintuni.  ,       Mean 


Month.' 


1<»0L>. 


Jaiumry 

FeV)riiarv 

July 

Auj^ust .'{()  ami  .SI . 

Sej)t<'in)K'r 

OctolHT 


I 


Tiftjil  in  jirre- 
fcvt. 


1(U) 

40 

120 

0 

4r>o 

0 

1,0m) 

0 

1,(XK) 

0 

lfv5 

0 

112 
57 
2H 
47 

122 
17 


Tlu' 


1,01H) 


S,  154 
1,587 
2,9U) 
7,  240 
l,(^n 

22,  841 


<i  For  the  monthn  for  wliich  nt>  rn,'un's  an*  given  tlie  river  was  dry. 


XtVXLL.] 
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RIO   GRANDE  NEAR   EL  PASO,  TEX. 
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This  station  was  located  at  the  pumping  house  of  the  smelter  com- 
pany, 3  miles  north  of  El  Paso,  Tex.  The  bed  of  the  stream  here  is 
composed  of  mud,  constantly  shifting  and  changing.  May  1, 1897,  the 
station  was  placed  under  the  charge  of  W.  W.  Follett,  consulting 
engineer.  International  (Water)  Boundary  Commission,  and  l)y  him 
removed  1  mile  farther  up  the  river  to  Courchesne's  limekiln.  The 
river  heights  were  measured  at  the  mjisonr}'  pump  foundation  pier, 
15<»  feet  al)ove  the  kiln.  The  top  of  the  downstream  chisel  dnift  on 
this  pier  was  assumed  to  be  at  a  gage  height  of  15.0  feet,  and  the  dis- 
tance of  the  surface  of  the  water  l)elow  it  was  measured  with  a  can»- 
fully  graduated  rod.  This  pier  was  torn  down  in  OctolnM*,  ll)(>2,  and 
an  inclined  wooden  gage  established  some  6o  feet  upstream.  This  is  a 
2  by  4  bolted  to  IJ-inch  steel  liars  set  with  cement  in  holes  drilled  in  solid 
rock.  The  gi-aduations  are  notches  cut  in  the  scantling.  The  R.  M.  is  a 
ono-half-inch  iron  bolt  set  in  solid  rock  at  the  head  of  the  gage.  Its  top 
is  13.00  feet  above  gage  datum.  The  left  bank  of  the  river  is  formed 
bv  the  loose  rock  fill  of  the  Atchison,  Topeka  and  Santa  Fe  Railroad 
embankment,  and  will  not  overflow.  The  right  bank,  however,  is  not  so 
good,  being  made  ground  and  subject  to  overflow.  The  bottom  of  the 
river  here  has  also  proven  unstable,  scouring  on  a  rise  and  filling  on  a 
falling  river.  It  is  probably  the  l)est  site  for  a  station  in  the  vicinit}^ 
of  El  Paso,  however,  as  the  entire  river  bed  is  (constantly  shifting  for 
many  miles  above  and  below.  On  account  of  this  shifting  character 
of  the  streain,  the  only  accurate  method  of  estimating  the  daily  dis- 
charges is  by  taking  a  large  number  of  mea^surements,  which  was  done 
in  11K)2  by  T.  M.  Courchesne,  J.  P.  Hague,  A.  L.  Wilcox,  F.  W. 
Car|)enter,  and  L  11.  Iluggett. 


THitcharge  meagiirernentn  of  Uw  Jilo  (IniinJe  near  FJ  Paso,  Tc.v.  '* 
(Madfby  T.  M.  CourcheMne,  Jan.  P.  Hiiguo,  A.  L.  Wilcox,  and  F.  W.  CuriK'nttT,  ami  I.  II.  Huggett.] 


1902. 
January  :%  . . 
Fel)niary  1  .. 


Gage 
height. 


6.S 
6.4 


April  18 1       6. 

April21 

April  22 

April  24 

April  26 

April  28 


7.0 
6.6 
6.6 
7.:5 
7.3 
April30 \      6.3 


Disfharg*'. 

Sevimd'fnt. 
145 

ia5 

262 
301 
195 
200 
465 
441 
145 


Date. 


(J  ago 
liright. 


I 


1902.  /;./. 

May  2 5.  sr> 

May  5 !  5.4 

May  7 1  5.2 

June  3 ().  05 

June  4  ?> I  5. 4 

August  27 1  9.0 

August  28 ;  6.3 

August  29 '  9.8 

August  31 ;  9.0 


I)i.s<;liargo. 
Sfvond/rtt. 

(i4 

19 

5 

VM 

17 

1,578 

937 

2,  a50 

1,190 


a  No  measurement  for  March.    Water  too  shallow. 

*  River  dry  the  remainder  of  month,  throughout  July,  and  until  AuguRt  27. 
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[^o.HL 


Discharge  mtittmrnnnih  of  Dw  Rio  (irande  near  Kl  Pam^  7V.r.-— C<»ntiiiiie«l. 


Date. 


1902. 
Septeml)er  2 . 
Septeinl)er  5 . 
hJeptemlier  8  . 
•September  10 
September  13 
September  27 
Septemljer  28 
September  30 

October  2 

October  3 


hoight. 


Dlwhanf*'. 


fWt. 

Srcoml/fri. 

7.5 

646 

ft.  2 

160 

5.  ft 

73 

5.4 

23 

5.1 

5 

7.9 

65;^ 

7.1 

369 

ft.  4 

171 

ft.O 

101 

5.9 

85 

Datt*. 


1902. 
Octolier4... 
OctoWr  ft. . . 
Octol)er8... 
Octol)erlO.. 
October  15.. 
Octolier  17.. 
Deceml>er  22 
December  24 
December  2ft 
Decemlx»r  29 


<iaKf 
height. 


Ftrt. 
5.  ft 
5.  5 
5.  :i5 
5.3 
4.9 
4.a5 
5.9 
5.  ft 
5.2 
4.7 


I>iM'haixe. 

SfTftntl-M. 

52 

47 

37 

29 

8 

4 

117 

80 

34 

4 


1 


N<»  measuremenUi  for  November. 


Daily  gage  height^  in  feet ^  of  the  llio  (rrande  near  Kl  Paso^  Ter,» 


IWJ. 

Jan. 

Fi-b. 

M^r. 

4.W 
4,DD 

4.90 

I.MI 

4.tt(J 
l.iW 
iM 
1  wk 

i.w) 

4.90 
I.WI 
4.'HJ 
4. 'HI 
4.9(1 
4. '.HI 
«'..  H» 
•"..  91» 
«i.  «HI 
<■.. '.».") 
Ti.  «V» 
«i.  ai 
r..  .V) 
r..  so 
7.:m) 

7.  '.0 
7.  "J-"* 

<;.  70 
r..:i(i 

Jlinfr. 

July. 

Atift. 

wviir. 

«J.15 

fi.Otl 

r.,  »r. 

f..  ;ni 
^  iri 
a.  lu 

.\4*i 

fMtU 

:».  :*.o 

.'».  20 

'»  1  "> 

X.n-. 

l>i^. 

l.„.- 

\ 

-«.:» 

\\.m 

1140 
ft.  411 

rP.lHI 

i;  14) 

h.  IHI 

r>.(N) 

(>.  (K) 

«;.  (K) 

••,.-2it 

1'..  :ui 
(■».  'j'» 
(i.  in) 
•;.  •_•() 

C.  21) 

«;.  i(» 
'».  •>.'! 

r>.  :a\ 

f).  (I,". 
*».(«» 

4.  BO 
J.  Ill 
AMI 

4.'.iti 
4.^11 

MO 

rt.JO 
f^  Oil 

y_ 

r^ao 

4..,.. 

L.,„. 

fi.3» 

Ti 

.'l  ItO 

li.  .. 

Alii 

7 

...... 

Ill 

.  ...  <i.'Si 

t..  ;ai 



...  10 

]] 

1 
1 
1 
1 
1 
4 
1 
4 
I 
4 
I 
4 
4 
4 
4 
I 
I 
1 
1 
1 

«H» 
•HI 
\K) 
•.HI 
'.K» 
'.H) 
IH) 
'.•(» 

'.HI 
\»() 

'.«) 
'.H) 
•.K) 
•K) 
".H> 
'.Ml 
'.HI 

■-..0.-. 



r»  10 

V 

('•  :u) 

•'1", 

i 

i;t 

'  (*•  :m.i 

I  7'> 

]  1 

1.70 
4.70 

!.'> 





4.'.t.-. 
4.'.HJ 
4.'.H^) 
1.90 

K. 

«;.:u) 

]  C.Itt) 

17 

1 

1 

IS 

1  (;.:«» 

1 

{^.'M^ 

19 

'2\) 

'  {\.'M 

t\.'M\ 

' 

21 

r.  :w 

r.. :«» 

1 

.'»  «Ji) 

.,.. 

f>  (^^ 

21 

(;.:«) 

1 

r>  !.'> 

'jr..  .  . 

....   r..:;() 

r..:i() 

....'  r..:u.» 
....   (•..:{(» 

i 

7  ('i(i 



.'>.  :;o 
T).  :^i 
.'i.  ;ui 

:..  ;!o 

:•  i.'> 

•>- 

1 

7.  nT) 
7.  lU 
("..  .V) 

r..  :c> 

r..  iv. 
i.^r. 
1  ~"> 

'is 

'*y 

1 

•t   Ml 

:i(» 

'  ('*  :m> 

•.».   Ill 

9.(>-'» 

4.70 
4.  70 

:n 

....   (•..:«> 

'«  on  the  ilavH  fur  wliich  im  k»»K«*  h«'i>rht.K  arr  j^'ivt'ii  th«'  rivrr  was 


Irv. 


[ntiLL] 
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Edimated  monthly  discharge  of  the  Rio  Grande  near  El  PaWj  Tex. 
[Drainage  area,  90,000  square  miles.] 


Month. 


1902. 
Janoary 

Febnian* 

Mtrch.* 

April 

3fay 

June 

July 

Attf^ 

Septemlier 

October 

Sovember  . . . . . 
I>eceml)er 

The  year 


DIschanre  in  second-feet. 

Maximum. 

Minimum. 

Mean. 

140 

130 

135 

160 

30 

104 

20 

10 

10 

540 

10 

133 

75 

0 

9 

135 

0 

5 

10 

0 

0 

2,140 

0 

236 

860 

0 

156 

115 

0 

•   23 

30 

0 

5 

115 

0 

29 

2,140 

0 

70 

Run-off. 


Total  in 
acre-feet. 


8,291 
5, 772 

635 
7,904 

526 

307 

20 

14,499 

9,313 

1,428 

298 
1,  775 

50,  768 


Second-feet 

per  square 

mile. 


0.0045 
.0035 
.0003 
.0(H4 
.0003 
.0002 
.0000 
.0079 
.0052 
.0008 
.0002 
.0010 

.0024 


Depth  in 
inches. 


0.0052 
.0036 
.0003 
.0049 
.0003 
.0002 
.0000 
.0091 
.0058 
.0009 
.0002 
.0012 


.  0317 


RIO   GRANDE  NEAR  SAN   MARCIAL,   N.   MEX. 

This  station  in  located  about  one-half  mile  south  of  San  Marcial,  N. 
Mex.,  at  the  bridge  of  the  Atchison,  Topeka  and  Santa  Fe  Railroad. 
The  original  gage  was  established  by  Arthur  P.  Davis  on  January  29, 
1895.  The  observer  was  Bert  Haiseth,  San  Marcial,  N.  Mex. ,  whose 
house  is  about  one-half  mile  distant.  The  gage  was  of  hard  pine  tim- 
ber, 9  by  5  inches  by  25  feet,  anchored  and  bolted  to  the  east  oiid  of 
the  second  pier  from  the  south.  It  was  inclined  and  painted  white. 
The  distance  }>etween  the  footmarks  was  1.6  feet.  The  13-foot  mark 
was  level  with  the  extension  of  the  pier,  to  whicli  the  gage  was 
anchored.  The  15-foot  mark  was  level  with  the  top  of  the  capstone  on 
which  the  bridge  truss  rests.  Measurements  were  made  from  tlie  same 
bridge.  On  August  8,  1889,  a  station  was  estay)lished  near  San  Mar- 
cial, and  a  measurement  was  made  which  gave  a  discharge  of  19  second- 
feet.  Soon  after  this  date,  however,  the  river  gage  was  destroyed 
and  the  locality  was  abandoned  until  1895. 

In  1896  the  inclined  gage  was  carried  away  and  a  wire  gage  was  put 
in  its  place.  The  wire  gage  is  attached  to  the  guard  rail  of  the  bridge, 
south  span,  lower  side.  Bench  mark  No.  1  is  the  top  of  the  capstone 
on  which  the  bridge  truss  rests,  and  is  at  an  elevation  of  15  feet  above 
gage  datum;  bench  mark  No.  2  is  the  top  of  the  extension  of  the  pier 
to  which  the  old  vertical  gage  was  fastened,  and  is  at  an  elevation  of 
13  feet  above  gage  datum.  The  wire  gage  has  been  abandoned  and 
the  gage  heights  are  now  measured  with  a  graduated  rod  from  the 
deck  of  th     bridge  but  using  the  old  gage  datum.     The  channel  is 
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[so 


sandy  and  shifting.  A  number  of  bridge  piers  interfere  with  the  c 
rent  to  a  certain  extent,  but  not  with  the  observed  gage  heights.  T 
sometimes  affect  the  discharge  measurements. 

Discharge  meuxHremeikh  of  the  Rio  Grande  near  San  Marciai^  X.  Mca; 
[Made  by  \V.  W.  Sentman  and  J.  R.  Nisbet.] 


Date. 


190L>. 

January  1 

January  H 

Januarys 

January  27... 
January  80... 
February  l\  . . 
February  5  . . 
February  7  . . 
February  10  . 
February  12  . 
February  14  . 
February  17  . 
February  20  . 
Fel)ruary  22  . 
February  24  . 
Ft'l)ruary  2S  . 

Mardi  4 

March  (> 

March  S 

March  10 

March  12.... 

Muivh  h'» 

March  17.... 

Manli  V.) 

Marcli  21 

March  27 

March  2^) 

March  .'Jl 

April  2 

April  4 

Ai)ril  7 

April  0 


(Jajfc 
height. 


DiHcharge. 


I      Fttt.      I  Sectmd-/ai. 


7.15 

7.  a 

7.4 

7.8 

7.4 

7.4 

7.45 

7.0 

7.4 

7.4 

7.5 

7.4 

7.4 

7.4 

7.4 

7.  :i 
/ .  •> 
7.1 
().  «> 
{\.  :> 
<>.  s 
7.  I 
7.0 
7.  1 
7.2 
7.  1 
7.0 
(>.  0 
0.4 
5.8 


April  12 8.1 

April  14 8.,'5 

April  10 8.3 

April  18 8.3 

April  22 8.  2 

a  River  dry  the 


Date. 


Ga«e 
height. 

Frrt. 
8.3 
7.9 


Dir<ha 


1902. 

:i89     April  24 

348     April  26 

469     April  28 

238     April  30 

291      May  2 

383     May  8 

.425     May  10 

:m     May  12 

340     May  14 

358     May  16 

266  I  May  20 1       7.8 

296  I  May  22 ,       7.5 

279  I  May  24 7.4 


7.9 
7.  7 
7.4 
7.5 
7.6 
7.7 
8.1 


2i>4 

298 

222 

21S 

19.-) 

17S 

157 

S4 

49 

SS 

i:;2 

S4 

ii:{ 

ii.i 

115 


May  26... 
May  28... 
May  29... 
May  31... 

JniicS 

.luiu'5 

.TniH'  7 

June  9 

Juiu'  12"  . 
Autrust  12. 
Aiiirust  14. 
An^nist  10. 
Alienist  IS. 
Aji<;iist27. 

Au^MlSt  ol  . 


99  I  ScptcmlKT  2. 


09 

23 

2 

841 

1,275 

1,307 

1,157 

912 


7.1 

6.  6 
8.2 

7.  7 
7.4 
7.4 
7.2 
7.  r 
0.  7 
7.  35 
(i.  9 
7.  5 
7.  25 
S.  25 
().  0 
(i.  5 
5.4 
5.0 


Sci>t<'nil)cr  4  . 

SeptcmlHT  0 

Septein])cr  23 S.  4 

S<'i>tcinber  20    (>.  3 

September  2S 5.9 

()ct()]>er3 5.2 

C)ctol>erO 4.9 

October  9 5.0 

*^e  month  and  dunng  3u\v. 
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ijprge  mtasurements  of  the  Rio  Grande  near  San  Marcial,  y.  Mex. — Contmue<l. 


Date. 


19Q2. 

12.... 

15.... 

30.... 

er2.. 

er4  .. 

er  7  .. 

erlO  . 

erl3. 

«rl6. 

«r20. 

ier24. 

«r28. 


tlld^t. 

DischarKe. 

Feel, 

Second-feet. 

4.9 

14 

4.8 

7 

4.9 

12 

5.0 

13 

5.0 

18 

5.1 

17 

5.1 

18 

5.2 

31 

6.4 

202 

6.0 

117 

5.9 

122 

5.95 

158 

Date. 


height. 


DiMC'harge. 


1902. 
November  30  . 
December  3... 
December  (>. . . 
December  9... 
December  14.. 
December  17.. 
December  20.. 
December  22.. 
December  25.. 
December  28.. 
December  31 . . 


Feet 

Srcond-feet. 

6.0 

156 

6.0 

104 

6.1 

134 

6.2 

142 

6.3 

151 

6.7 

244 

6.3 

80 

5.9 

60 

6.5 

289 

6.4 

258 

6.  25 

186 

\)aHy  gage  height^  xnfeetf  of  the  Rio  Grande  near  San  MarnaJ^  N.  Mej:.^ 


Uf. 

E 

Jttll. 

Tmh. 

Maj. 

Apr. 

Mar. 

Junf. 

....y. 

Aii#. 

HepL 
.40 

ixst. 

Kov. 

- 

IMS. 

7,2fi 
7.1* 
7.25 

7-te 

7.» 
7.30 
7.3D 

7.15 
7,06 
7.10 
7.10 
7,35 
7.-10 
7.<0 

v.» 

7.40 
7.10 
7.30 
7.115 
7.30 

7.ao 

7.35 
7.B6 
7.-40 
7.30 
7.-» 
7.35 
T.iO 
f.Sfi 
7.S5 

7M 
7.30 

7.35 
7.4G 
7.40 
7.60 
7.45 
7.65 
7.50 
7.fi0 
7.« 
7.4S 
7.35 
7.4* 
7.40 
7.60 
7.fiO 
7.55 
7.50 
7.45 
7.35 
7.*0 
?.« 
7.4-'i 
7.40 
7,40 
7.40 
7.40 

7.85 
7.60 
7.45 
T.S6 
T.Sft 
7.30 

7.ao 

7.30 
7.20 
7.W 
7,05 

e.go 
e.»o 
e.70 

d.fiO 
0.05 

7  1© 

7.00 
O.fl0 

fl.70 
0.55 
fi.lO 
C.20 
5.1*0 

H.JO 

ft.  115 
it,  35 
tl.-|0 

i.m 

7.50 

S,3fi 

5.70 
5.36 
5.06 
5.00 
4.90 
4,W 
5,16 
5J0 
5wOO 
4.95 
4.W 
4.» 
4.» 
4.!I0 
4§0 

5.00 

\00 
5.00 
5.00 

.voo 
.■s.oo 

5.10 
5,10 
5.10 
.-1.10 
5.10 
5.10 
5.20 

5,ao 

5.  HO 

COTi 
II.OO 
<UM 
5.»=^ 

A.yo 

5.90 
5,R.-> 
5.  HO 
li.70 
5.70 
5.  HO 
G.O0 
6.00 

c^oo 

7.fi-5  .  7.40 

7.aa  '.  7h3s 

ILOO 

0.00 

7.5S     7,40 
7.36     7.40 
7.45     7.80 

5.  BO 

1 

115 

Ji.Q5 

5.70 



6,15 

7.4* 
7.« 
7.65 

7.50 

7.1» 
7.20 
7.15 
7.05 

fi.l5 



11. 15 

6.*i0 

— '  - 

6,90 

1 
7:fiO  .  0.70 

7.00 
7.ftv 
7.  HO 
K.BO 
7.SS 
7.25 
7.20 

6.55 

fl.n 

7.70  '  fi  5Ji  1 

6.3D 

7.70 

7,7f> 

1 

6.30 

.._.  J 

G.50 

H.,w :.....  J. 

6.00 

PJ.05 
7,  WO 
7.80 
7.75 
7.05 

1 

6  7f> 

1 

7.10     H..W 
7.^  ,  H,W 
7.  20     M,  ir» 
7,10     S.20 
0.»5     S.30 
fi,75     ».4ft 

(i.GO    s.ao 

0.60     HAO 
«.(MV     7.90 
7/JO     190 
7.30     7.  TO 
7.25     7.85 
7.2fi  .  7.B6 
7.20 

1 

6.00 

6.40 

G  30 

Fi.95 

7.65 
7, -15 
7.33 
7.15 
7.00 
ft.S5 
It.  65 
a.  30 
S.S5 

'  1 

^30 
8.45 
7.S5 
a,  70 
0.25 
0.15 
5.00 

5.55 

4,  SI 

4.80 

4.80  1 

4.80 

4.80 

4.90 

4.00 

4.90 

6.S5 

::::::':::::: 

7.25 
*.05 
11.10 
fl.4fi 
7.85 
7.4S 
7.40 
$.05 

6.46 

6.5j 

G.TH 



0.40 
6.45 

'  ""' 

6.5(T 

..„ , 

6.70 
6.45 

6.40 

aTbere  was  no  Sow  on  days  for  which  no  gage  height  a  are  gV\eiv. 
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[No.ai 


P^'iUiate.d  monthlti  discfuinje  (tf  the  Rut  (iraride  near  S(tn  MarcUd^  X.  Mew. 
[DraiiiiiKe  htch,  'iH.Uti?  .square  inileM.] 


Month. 


1902. 

January 

February 

March 

April 

May 

June 

July 

August 

September... 

October 

November . . . 
December  . . . 


DiHchaixe  in  »econd-feet. 


Maximum.  |  Minimum.  |     Mean. 


Run-off. 


I 
500 
480 
250 
l,d50 
1,710 
560 

aQ  1 

10,500  I 
2,460  I 

75, 
180  I 

350 

I. 

The  year i       10,500  , 


300 
220 

50 
0 

35 
0 

«0 
0 
0 
0 

15 

65 


Total  in  acre- 
feet. 


Se<?ond-feet 


mi\e.  »°'^*»«- 


370 

314 

129 

674 

436 

108 
«0 

800  ! 

224 
13  i 
78  1 

184  I 


22, 731 
17, 435 

7,954 
40,106 
26,  787 

6,407 

«0 

49, 210 

13, 349 

823 

4,641 
11,286 


0  '        278  I      200, 729 


0.0132  I 
.0112 
.0046 
.0240 
.0155  , 
.0038 

flO  I 
.0285 
.0080  I 
.0005  ' 
.0028  I 
.0066 

.0099 


0.01525 
.011^ 
.005:^ 
.026S 
.0179 
.0042 

.0329 
.0069 
.0006 
.0031 
.0076 


.1342 


'I  River  dry  June  14  to  AuKU.st  11,  ineln.«ive. 


RIO  GRANDE  AT  WATER  TANK,  NKAR    RIO  (JRANI)K,  OR  lUK^KMAX,    N.   MKX. 

Three  miles  ])elow  Kmbudo  th<»  vWw  einergcvs  into  Espanohi  Valley, 
through  which  it  continues  foi-  a  few  niil(\s  and  then  enters  Whito 
Rock  Canyon,  flowing  through  tiiat  canyon  for  80  miles.  At  the 
lower  end  of  this  canyon  tlie  river  emerges  into  Albuquerque  Valley, 
and  HO  continues  down  to  ahout  Socorro.  This  valley  avemges  from 
1  to  8  miles  in  width,  and  has  been  iriigated  for  a  givat  many 
years  by  the  Mexican  settlers.  Their  ])rimitive  methods  of  irrigation 
are  very  wastc^ful  of  the  waters,  so  that  the  duty  of  water  in  this  sec- 
tion, about  17  acres  per  second-foot,  is  not  as  high  as  it  might  be. 
During  the  last  few  years,  however,  a  number  of  important  and 
modern  irrigation  systems  have  been  planned  and  })uilt  in  the  vicinity 
of  Albuquerque.  The  gaging  station,  established  Fe])ruary  8,  1S95, 
is  located  about  one-fourth  of  a  mile  above  Water  Tank,  a  section  on 
the  Santa  Fe  Southern  Railroad,  below  Espanola.  It  was  established 
by  Arthur  P.  Davis  and  P.  K.  Ilarroun  on  February  1,  18ih5.  The 
observer  is  Thomas  Dupre,  s(»ction  foreman,  whose  house  is  distant 
from  the  gaging  station  about  one-fourth  of  a  mile.  The  inclined 
portion  of  the  gage  is  marked  from  8.5  feet  to  hl(\  feet;  the  vertical 
portion  from  10. r>  feet  to  10  feet.  The  inclined  part  of  the  gage  is 
braced  with  wood  and  anchored  with  stones.     The  upper  part  is  set  in 
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ground^  leaning  against  a  huge  boulder,  and  is  held  in  that  posi- 
by  wire,  wel  tighu^ned.  The  highest  point  of  the  boulder  is 
ked  with  a  bla^^k  cross,  and  is  6.815  feet  above  the  11 -foot  mark, 
^surement  was  made  from  gaging  box  suspended  from  cable  placed 
«8  ]usst  above  the  gage.     The  channel  is  sandy  and  shifting. 

Discharge  meoKwremenls  of  the  Rio  Qrande  near  Rio  Grande,  N.  Mex. 
[Mide  by  P.  E.  Harroun  and  O.  B.  Powell.] 


Date. 


1902. 

iry23 

iaryl2 

h  31 

3 

7 

10 

14 

17 

22 

25 

28 


L. 
2. 
6. 
9. 
S. 
VI. 
{0. 


leight. 


helgl 


5.0 

5.05 

5.3 

5.3 

6.7 

7.5 

7.9 

7.5 

7.6 

6.5 

6.6 

6.5 

6:6 

6.3 

6.7 

6.7 

6.1 

5.6 

5.2 

7.4 

6.6 

6.6 

5.8 

5.5 

5.0 

4.7 

4.3 

4.0 

3.8 

3.6 

3.5 

3.6 

3.8 


Discharge.   | 

Serond-feet. 

484 

485 

518 

519 

1,243 

1,744 

2,252 

1,952 

2,190 

1,333 

1,403 

1,164 

1,271 

1,109 

1,267 

1,391 

895 

633 

516 

1,877 

1,561 

1,449 

857 

672 

421 

332 

180 

123 

85 

71 

62 

78 

125 


Date. 


1902. 


July  14 

July  17 

July  21 

July  24 

July  28 

July  31 

August  4 

August  7 

August  11 

August  14 

August  18 

August  21 

August  25 

August  28 

Septeiiil)er  1  . . 
September  4  . . 
September  8  . . 
Septeml^er  11  . 
Septeml)er  15  . 
September  18  . 
September  21  , 
Septemlier  25  . 
September  29  . 

October  2 

Octol)er6 

October  9 

October  13.... 
October  16.... 
October  20..., 
October  23.... 
October  27.... 
October  30.... 
November  3... 


Qage 
teignt. 


hel 


Diaehani:^. 


Feet. 

Secirtuifeet. 

3.8 

93 

3.8 

110 

5.0 

419 

5.0 

416 

4.3 

208 

4.0 

112 

4.2 

148 

4.7 

233 

6.15 

''2,009 

4.6 

241 

4.3 

172 

3.9 

106 

8.1 

2,853 

6.0 

848 

4.5 

232 

4.1 

150 

4.1 

139 

3.8 

85 

4.0 

117 

3.8 

122 

10.7 

6,592 

4.7 

309 

4.7 

250 

4.6 

255 

4.7 

325 

4.7 

276 

4.7 

265 

4.7 

294 

4.7 

276 

4.7 

268 

4.6 

266 

4.7 

285 

4.7 

282 

'( Abnormally  large. 
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D'lKharge  ineasuremenU  of  the  Rio  Grande  near  Rio  Grande,  N.  Mex.  —Continued. 


Date. 


1902. 
November  6.. 
November  10. 
November  13. 
November  17. 
November  21 . 
November  24. 
November  27. 
December  1 . . 


Gage 
height. 


Feet. 
4.7 
4.7 
5.0 
4.7 
4.7 
4.9 
4.6 
4.5 


Discharge. 

Second-feei. 
264 
261 

4as 

278 
295 
399 
273 
276 


Date. 

height. 

Dijtchaige. 

1902. 

Second-J^L^ 

1  December  4 

4.4 

2«»4 

1  Decembers 

4.8 

3»^ 

I  December  11 

4.8 

3SX 

!  December  15 

4.8 

as 

De<5ember  18 

4.4 

tM 

December  22 

4.6 

2«r 

I  December  26 

4.7 

3S7 

December  29 

4.7 

M 

Daily  gage  heiglU,  in  feet,  of  the  Rio  Grande  near  Rio  Grande,  N.  Mex. 


8. 

10, 

11. 
12. 
13, 
U. 

1&. 

le, 

17. 
IK. 

II, 

'JO. 

•11. 

n,. 
-n. 

34.. 

•a.. 
26.. 

27,. 

2».. 

30,. 
31.. 


D*t*. 


1902. 


Jan. 


6.00 

5.00 
fi.lO 
ft.lU 
5.10 
5.«j 

b.m 

5.10 
5,00 
ii.0U 
5.ori 
5.05 
5,0fi 

a  00 

5.15 
5.10  I 
5.10 
5.  lU  ' 
5.00  I 

5.00  I 

5.00  I 
4.  75 
-I.H)  I 
4,«j 
5.00 


Feb. 


C95 

4.95 

4.% 
4,95  I 
4.S5 
5.05 
5.05  j 
5.05 
5,05 
5.05  I 

5.00  I 
5.00  ! 
5.00  , 
5.05  I 
5. 15 
5,10 
5. 15 
5.4fj 
5. 15 

5.:;o 

fi/JO 
5._'0 

b.^> 

5.35 
5.a.'i  I 


Ai>r. 


^.15 
5.10 
5,10 
5.10 
.MO 
5.00 
5.00 

.■^.05 
."1.25 
5.5.^ 

.S.iO 
5.40 
ft.  "25 
5,20 
5.20 
6.10 
&.4/. 
5,00 
5.50 
5.75 

5.40 
.■».a5  I 
5,40 
5.25 
5.a5 

5.;« 
5,  :^i 


5,25 
5.^ 
5.50 
5.  BO 
5.55 
6.05 

7,55 
7.TO 

N,05 

a  45 
a.  10 

7.9fj 
7.55 
7.15 
7,55 
7.5i'i 
7,  Ci^ 
7,90 
7,«J 
7,50 
ti,  75 
5,00 
5.  GO 

r,  X,  j 

5.50 
5.  45  I 
^,46  I 


May. 

Juno. 

«v4« 

6.70 

fi.40 

6.70 

0.40 

a.4fi 

6,.'iO 

G,15 

ti.fiO 

fl.00 

0,S5 

5.75 

fi.:te 

5.70 

G.40 

h.m 

6,»5 

5.45 

fi.55 

5. 15 

6.75 

5.  Oft 

7,20 

4,95 

7.S5 

5.15 

fl.UO 

4.95 

Ci.a5 

4,75 

0,45 

4.05 

fl.lB 

4.50 

ti.JO 

4.;i5 

c.a) 

4.:«> 

a.or> 

4.15 

.5.iln 

4.10 

5.fC, 

4.00 

5.fiO 

».9ri 

■vao 

:i.90 

.5.25 

Si.  95 

5.20 

3.*i5 

7.W0 

3.75 

7,25 

:j,ftO 

7,05 

3.50 

6.65 

3.«0 

C,  n5 

Jul^. 


3,55 

a,dO 
a.  55 

S.50 

3.50 
3.5^ 

a.5f* 

3.  ,55 
3,90 


Aug, 


5,10 

4.!25 
4.10 

405 
5,50 
6.35 
4.70 
4.  WO 
4.50 


4.75  4.25 
%M\     5.90 

:t.7t>  !  5,;m 

3.80  4. 70 
:i.*i5  '  i.75 
,1,  GO  4.  TiO 
3,.V^  I  4,^ 
4,25  4.riO 
4.50  4.:io 
e;.i5  I  4.15 

5.  ao  ,  a,  j» 

5,  45  4.  90 
4.35  I  5.55 
J,  .Ml     0.  35 


4,  45 

1.45 

4.  a'. 
4,au 

4,25 
4,15 

4.m 


7.W 
7.25 
0.15 
5.  m 
'  5,15 
4.95 
4.70 


«ep4. 


4.45 
4,40 
4.  SO 
4.10 
4.10 
3,116 
4.15 
4.15 
3.«5 
3.90 

3.  NO 

3.90 
3.90 
ft.  96 
!!.*'» 
3.>^ 
3.90 
4.05 
G.20 
10.  r^ 
-.i5 

5,»0 
4.90 

4.  Ml 
4.75 
4.fl0 
4,00 
4.70 
4.65 


OtJt.     Kor. 


4.S5 

4,00 
4.70 
4.70 

4,  SO 
4,70 
4.70 
4.rift 
4.70 
4.7o 
4.70 
4.70 
J.  55 
4.05 
4.70 
4.70 
4.70 
4.7t^ 
4.00 
4.70 
4,70 
4,70 
4.70 
4,70 
4.00 
4.50 
4.<iO 
4.60 
4.65 
4.70 
4.70 


4.70 

4.  TO 

4,70 

4.60 

4.iiS 

4.45 

4.70 

4.70 

4,70 

4.70 

4.50 

.1.05 

5.00 

5,0ft 

4.90 

4.f<» 

4.70 

1.70 

4.70 

4.70 

4,70  ' 

4,W)  j 

4.)MI 

4.00  ' 

4,90  ■ 

4.70  i 

4.70 

4.5ri  ; 

4.00  I 

4.00 

I 


iM 

Lm 
m 
i« 

4.1« 
iTO 
ITS 
4.13 
4.?5 
4.75 
4.7S 
4.75 
ISO 
4.9) 
i» 
4.4!5 
4,10 
4.45 

4. 1^5 
4,r»5 

4.f^'> 
4.7:. 

4,  so 
4.M) 
4,90 
4.70 
4,*-.0 

4.  no 


^J 
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EttinuU^'d  monthly  discharge  of  the  Rio  Grande  near  Rio  Grandr^  N.  Mex. 
[DniDAge  area,  14,060  square  miles.] 


Month. 


DUwhaige  in  secoDd-feet. 


Maximum. 


Minimum. 


1902.  ' 

iimiar> 495 

llebnian' 540  i 

fludi i  735  I 

ipril !  3,200  I 

Htj ;  2,230  I 

June '  1,530  ; 

JbIv i  2,200 

lAupist I  2,300 

Sqitember |  6,460 

October |  345 

5ovember j  420 

December I  440 

The  year |  6,460 


455 
475 
480 

510  ] 

520 ; 

70| 
60  i 

105 
86| 

255  1 

250 ; 

200  I 


Mean. 


60 


482 
489 
548 
1,640 
1,196 
474 
272 
556 
484 
279 
309 
313 


587 


Total  in 
acre-feet. 


29,643 
27, 18;^ 
33,709 
97,577 
73,567 
28,  215 
16,  7'M 
M,  165 
28,790 
17, 157 
18,:i86 
19,220 


Secoiid-fei't 

per  Huiiare 

mile. 


424,342  I 


IH'pth  in 
IncheK. 


I 


0.  (UU 

.o:i5 
.o:w 
.117  I 
.085 

.o:i4 

.019 
.040 
.034 
.020 
.022 
.022 


.042 


0.03?) 
.036 
.045 
.  131 
.098 

.(m 

.022 
.046 
.038 
.023 
.025 
.025 


.566 


RIO   GRANDE   AT   EMBUDO,  N.  MKX. 

Enibudo  is  a  railroad  ntation  on  the  Denver  and  Rio  Grande  Uiiil- 
road,  in  Rio  Arriba  County.  The  station  is  in  a  narrow  canyon  al)ove 
the  head  of  the  valley  in  which  Espanola  and  other  towns  are  loi*ated, 
and  in  which  the  river  Chama  joins  the  Rio  Grande.  In  Novenil>er, 
1888,  an  examination  was  made  along  the  main  stream  for  the  purpose 
of  selecting  a  point  at  which  the  total  discharge  of  the  Rio  Grande 
entering  New  Mexico  could  be  ascertained.  Coming  from  Colorado 
southward,  this  is  the  first  point  at  which  the  milroad  reaches  the 
river,  and  for  this  reason  it  was  finally  determined  to  estay)lish  a  river 
station  here.  Measurements  were  begun  at  the  rocky  narrows,  al)out 
a  mile  above  the  railroad  station,  but  in  the  spring  of  1880  the  obser- 
vations were  transferred  to  a  point  directly  behind  the  railroad  station, 
for  convenience  of  the  observer  and  consequent  reduction  of  expense. 
The  inclined  gage,  constructed  at  that  time,  is  made  of  scantling,  4  by 
4  inches,  spiked  to  posts  set  firmly  in  the  ground.  It  is  on  the  right 
hand  side  of  the  river,  at  a  place  where  the  slopes  are  very  gentle, 
and  therefore  is  of  considerable  length  in  order  to  reach  out  to  the  low- 
water  channel.  It  is  graduated  from  about  7.80  feet,  the  low-water 
mark,  up  to  16  feet.  The  point  8. 50  would  correspond  approximately 
to  the  deepest  part  of  the  .section.  The  gage  is  about  75  feet  aliove 
the  cable  and  is  in  three  parts  with  different  slopes.     The  cable  is  five- 
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eighths-inch  wire,  with  19  steel  strands.  It  is  fastened  to  a  cedar  tr 
on  the  left-hand  side  and  to  sand  anchors  on  the  right.  Measurement^ 
were  originally  made  from  a  boat  held  by  traveling  pulleys  runnin^- 
on  the  cable.  The  boat  being  washed  away  by  flood,  later  measar&^ 
ments  were  made  from  a  box  suspended  from  the  cable. 

Bench  mark  No.  1  is  on  a  rock  near  the  end  of  the  cable,  on  the  left* 
hand  bank,  marked  "  B.  M."  with  white  paint     It  is  20.66  feet  abor6 
zero  of  the  gage.     Bench  mark  No.  2  is  on  a  rock  about  100  feet  abo?e 
the  cable,  on  the  left  bank  of  the  river,  and  is  marked  '"B.  M."  witt 
white  paint.     It  is  18.79  feet  above  datum.     Benchmark  No.  Si^a 
notch  cut  in  the  southeast  corner  of  the  station  house,  about  2  feet 
above  the  level  of  the  platform,  and  is  30.48  feet  above  datum. 

Discharge  measurementu  of  the  Rio  Grande  at  Emhudoj  X.  Mex. 
[Made  by  P.  K.  Harroun  and  O.  B.  Powell.] 


Date. 


1902. 
January  21 . . . 
February  10  . 

March  28 

April  9 

April  12 

April  15 

April  IS 

April  2o 

April  2f> 

April  29 

May  3 

May  6 

May  9 

May  i:; 

May  IB 

May  20 

May  24 

May  27 

May  \n 

June  4 

June? 

June  10 

Juiielo 

June  17 

June 21 

June  25 

June:2H 


Gage 
height. 


Feet. 
7.5 
7.6 

7.8 
8.2 

8.5 
8.4 
S.3 
8.4 
8.1 
8.1 
8.3 
8.5 
S.G 
8.8 
8.5 
8.3 
7.8 

s.il 

-1 

8.H 


8.  3 


.8  ! 


7.0 
H.9 
H.9 


Discharge. 

Sectmd-Scci. 
386 
422 
410 
631 
773 
771 

mi 

741 
(KM 
(i32 
715 
849 
900 
1,099 
Wl 
814 
471 
(311 
WO 
917 
()97 
450 
3(34 
240 
190 
179 
152 


Date. 


1902. 

Julyl 

July  4 

Jtily  8 

July  12 

July  15 

I  July  19 

July  22 

'  July  25 

|j  July  29 

i    August  1 

I    AugUHt5 

Augusts 

'    AugUHtl3 

August  1(> 

'  August  19 

I    August  23 

I    August 2() 

I    August  29 

I  Septenil>er  L'  . . 
I    Sei)tenil)er  (>  . . 

SepteniluT  9  . . 
'  »S(*ptenilK'r  12  . 
I    SeptenilHT  1(»  . 

SeptenilHT  19 

ScptenilKT  23  . 
,  Sej>t4:*nil)er  2(>  . 
1    Septemln^r  30  . 


h^iTht. '  f"-""^ 


Feri. 

6.8 
6.8 
6.8 
6.8 
6.8 
6.9 
7.1 
6.8 
().  9 
().8 
(>.  8 
7.2 
7.0 
(3.9 
().  8 
7.0 
S.  2 
7.1 
7.0 
6.9 
6.9 
(3.9 
(>.  9 
(J.  9 
7.2 
7.1 
7.1 


Secondr/eeL 
147 
140 
137 
140 
144 
150 
192 
154 
164 

ir>8 

lo(> 
23() 

m 
u\ 

152 
17t) 
785 
227 
19S 
16(i 
IM 
1(37 
l(v5 
1(>9 
250 
223 
239 
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^)i«hargf  meamtremenU  of  the  Rio  Grande  at  Embiuio^  N.  Mejr. — CV)ntiniie(l. 


D»te. 


QtLge 
heiffbt. 


19Q2. 

t2 

;r6 

or  10 

Tl4 

Tl7 

t21 

t24 

!r28 

5r31 

iber4 

iber7 

iberll 

iberl4 


fbet. 
7.1 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 
7.2 


Discharge. 


Second'/eeL 
217 
217 
227 
238 
229 
228 
240 
230 
217 
218 
219 
226 
228 


Date. 

1902. 
November  18. 
November  21 . 
November  25. 
November  28. 
December  2. . 
December  5.. 
December  9.. 
December  12. 
December  16. 
December  20. 
December  23. 
Decemljer  27 . 
December  31 . 


height 


Ffti. 
7.1 
7.3 
7.3 
7.1 
7.2 
7.1 
7.2 
7.3 
7.3 
7.5 
7.3 
7.3 
7.2 


Diwrharge. 


ikrond-feet. 
225 
•  235 
247 
218 
252 
225 
246 
246 
244 
316 
268 
266 
249 


Daily  gage  height^  in  feety  of  the  Rio  Grande  at  Embxulo^  N.  Mex. 


IMF. 


imz. 


Jan. 


7,™ 

r.6ft 

7.70 
7.fl6 

I  res 

7.66 
7.70 
IM 
7,70 
7.6ft 
7.4» 
7.fl& 
7.6ft 
7,  eft 
7.66 
7,8ft 
7.60 
7.00 
7.70 

7.eo 

7.5fi 

rto 

T.UO 
7-00 
7,60 
7,50 
7.«0 


Feb.    Mar, 


7.40 

7.7* 
7.50 
7.60 
7.55 
rftft 
7,60 
7.W 
7.W 
7.60 
7-flO 
7.flB 
7,70 
T.flO 


j  1.^ 

'  7.7fi 
I  ^*'^'* 

7,8a 

I  7.70 

i  7.W 

7,8ft 

7.85 

K.UTj 

Km 


§.00 
7.90 

Km 
Km 

7.8S 
7.8ft 
7.S6 
7.85 
8.0ft 
8. 10 
K\h 
8.00 
7.90 
7.95 
7.90 
7.  SO 
7.  SO 
7.70 
8.00 
8.!!0 
8.10 
8.10 
8J)0 
7.9.5 

7.  HO 
7.W 
7.!ft 
T.8& 
7.70 


Apr. 


7.70 
7.7ft 
7,80 

i.m 

7,80 
7.8fl 
7- BO 

8.21!^ 

aiui 

8. 56 
W.hO 
8,10 
8.40 
8.40 
i  *^-^ 

I  a.4o 
i  s.«o 

j  8.50 
j  ft.  45 

j  H.3ft 
I  H.25 
i  MO 
'  8,10 

K\fy 

8.1* 
8.10 


Ma^. 


June, 


8,10 
8.20 
K^ 

Km 

8,40 
9. 4ft 

aw 

8,  Tift 

8,7™ 

8,8a 

8.8(1 

a  7a 

8.6.S 
8,40 

8.35  1 
8.25  ' 
8.15  . 
8.05  ! 
7.W5  i 
7,80  '■ 
7.711 
7.75 
8.m  , 
S.2U  , 
ft,  !t5 
8.55  I 
8.80  ', 


July. 


9,00 

a»5 

8,05 

ft.  55 

8.45 

8.25 

8,10  I 

7.  !I0  j 

7,W  . 

7,70 

7,00 

1.^ 

7.35 

7.25 

7.20 

7.  Ifi 

7.10 

7.U5 

7,00 

7.00 

7,00 

7,00 

O.M 

fi.ao 

a.  110 
It.  90 

rf.80 

IV  80 


fi.80 

a.w 
d.lM) 
fl.ao 

0.80 
0.8* 
6.8* 
6,80 
It.  SO 
6.80 

^,80 
0.80 
(t,  HO 
«;.80 
d.80 
1^.00 
it.  00 

a,  9* 

7.35 

i.m 

7.0© 
6^H5 

i;.9* 

IL9* 
li.9* 
H.OO 
11.90 
6.90 
<1.80 


Aug. 


6.80 

7.30 
7, 40 
7.(10 
7.00 
7.30 
7.05 

a.*o 

7.65 
7,15 

7.00 

7.og 

tl.90 
7.05 

ft.a'i 

ft.  NO 
6.8A 
T,m 
7. 15 
7. 1,"« 
T,liti 
8.25 
7  -(5 

10 
7.10 
7.flO 


i : 


»ept. 


7.00 
7.05 
7.00 
7.00 
7.00 
6.95 
6.90 
0,90 
a.  90 
C90 
f^90 
d.^ 

6.90 

6.90 

6.90 

6.90 

6.90 

6.95 

7.06 

8.75 

7.40 

7. 25 

7.15 

7.10 

10 

10 

10 

10 

10 


7.10 
7.10 
7.25 
7.20 
7.:M 
7.20 
7.20 
7,A» 
7.20 
7,20 
T.a» 
7,80 
7.20 
7.20 
7.'iO 
7.20 
7.20 
7.20 
7.20 
7,20 
7.20 
7.20 


l^ay. 


7.20 

7.30 

7/JO 

7.*J0 

7.20 

7.20 

7.20 

7,20 

7.20 

7.20 

7.25 

7,&0 

7.25 

7.25 

7.20 

7,20 

7.20  ■ 

7.10  ; 

7.15  ; 

7,ay| 

7.25  1 
7. 30  i 


Dvc. 


7.30 

7.30 

7.20 

7.35 

7.20 

7.25 

7.25 

7.10 

T.30 

7.10 

7.25 

7.10 

7.1» 

7.15 

7,^20 

7.ao 

7.20 

7.20 
7.20 
7.*J0 
7.16 
7.16 
7.20 
7.25 
7.25 

7.ao 

7.20 
7.20 
7.30 
7.30 
7.30 
7.30 
7,20 
7,^0 
7.120 
7.50 
7.  SO 
7.40 
7.45 
7.35 
7.J5 
7.45 
7.  Si 
7.35 
7,10 
7.35 
7.30 
7i30 
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Etiimaled  moiUhhj  discharge  of  the  Rio  Grande  at  Embudft,  N.  Mex. 
[Drainage  area,  10^090  square  miles.] 


Month. 


1902. 

January  

February 

March... 

April 

May 

June 

July 

August 

September... 

October 

Noveml)er . . . 
December  ... 


The  year. 


Discharge  In  second-feet. 


Maximum. 


1,360 


Minimum. 


460 

390 

585 

360 

630 

410 

800 

450 

1,100 

420 

1,360 

130 

280 

140 

820 

150 

1,050 

165 

260 

215 

310 

220 

315 

240 

130 


Mean. 


430 
462 
532 
661 
798 
440 
158 
246 
228 
231 
231 
264 


390 


Total  in 
acre-feet. 


26,420 
25,676 
32,698 
39,a52 
49,061 
26,202 
9,719 
15,154 
13,587 
14, 182 
13,736 
16,245 


Run -off. 


Second-feet 

per  square 

mile. 


282,  a32 


0.043 
.046 
.053 
.066 
.079 
.044 
.016 
.024 
.023 
.023 
.023 
.026 


.a39 


Depth  in 
inche*. 


0.06(^ 
.04» 
.06L 
.074 
.091 
.0»» 
.OlS 
.(X» 

.(m 

.027 
.026 
.090 


.528 


KIO    (iliANDK    NEAK   (^KNICKKO,  COLO. 

ThiH  station  was  located  on  June  2S,  ISJM>,  by  A.  L.  Fellows.  It  is  at 
the  State  bridge  across  the  Rio  (irandc,  at  a  ]X)int  near  the  Coloiudo- 
New  Mexico  State  line  and  about  4  miles  west  of  Eastdale,  Colo. 
The  station  is  favorably  located  for  the  purpose,  the  cross  section 
being  fairly  uniform,  the  channel  regular  and  not  lial)le  to  overflow. 

There  are  two  gage  rods,  one  for  high  water  and  the  other  for  low 
water.  The  high-water  rod  is  a  2  by  (J  inch  timber  attached  to  the  west 
side  of  the  central  downstream  cylinder  of  the  bridge.  The  low -water 
rod  is  a  scale,  marked  in  feet  and  tenths,  on  the  peipendicular  face  of  a 
large  bowlder  about  a  hundred  yards  below  the  ])ridge.  The  channel 
is  in  most  raspects  an  excellent  one.  The  bed  consists  of  bowlders  and 
rock,  and  is  subject  to  little  change;  the  banks  are  high  and  are  not 
subject  to  overflow.  (lagings  can  ])e  made  at  the  bridge,  but  during 
low  water  they  ai'e  usually  made  })v  wading.  On  June  22,  1900,  ]>oth 
gages  were  leferred  to  a  bench  mark  consisting  of  a  chiseled  ix)int 
marked  ''  B.  M.'-  on  the  fju'e  of  the  lava  bluff  undiM*  the  west  end  of 
the  bridge,  7.42  feet  above  gage  datum.  The  station  is  an  extremely 
important  one,  giving,  as  it  does,  the  discharge  of  the  river  at  the 
Colorado  State  line,  including  practically  all  of  the  Colorado  drainage. 
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Boman  Mondragon,  who  keeps  a  store  at  the  west  end  of  the  bridge, 
bis  kept  the  records  during  the  last  year. 
The  following  measurement  was  made  in  1JM)2  by  A.  L.  Fellows: 
July  0:  (ysge  height,  0.60  feet;  diBcharge,  6  8iHN>ii<1-f(Hit. 

Ikilhj  gaijf  height^  \nfeH^  of  tfie  liio  Gramif  vtar  CrninrOf  fhht. 


Jan. 

Fch. 

'  Mar. 

Apr. 

'  May. 

1 

Juiu*. 

July. 

All*?. 

Sept. 

Oct. 

Nov. 

IHn!. 

- 

-  — 

--- 

—     ■ 

_ 

•    - 

l.«0 

2.10 

2.4a 

1.60 

1.40 

1.80 

O.HO  1 

0.80 

0.70 

0.90 

0.90 

0.90 

l.W 

2.10 

2.50 

1.00 

1.60 

1.70 

.80 

.>0  ' 

.70 

.90 

.90 

.90 

1.80 

2.00 

2.fi0 

1.60 

1.70 

l.tK) 

.80 

.SO  ; 

.70 

.90 

.«»0 

.90 

1.80 

2.00 

2.60 

1.60 

1.80 

1..% 

.80  ■ 

.80  1 

,  7> 

.90 

.00 

.90 

1.80 

2.00 

3.00 

1.60 

1.90 

l.TK) 

.SO  1 

.SI)  , 

.70 

.IK) 

.00 

.90 

1.80 

2.00 

3.00 

1.60 

1.90 

1.40 

.80  1 

.8o; 

.70 

.90 

.00 

.90 

1.80 

2.00 

2.60 

1.60 

1.9U 

1.40 

.80  \ 

.so  ' 

.70 

.'.H) 

.90 

.90 

1.80 

2.00 

2.60 

1.70 

1.90 

1.40 

.80  ' 

.80  ' 

.SO 

.90 

.00 

.90 

1.80 

2.00 

2.40 

1.70 

1.90 

1.40 

.>sO 

.SO 

.80 

1.00 

.SI) 

.90 

1.80 

2.00 

1.70 

1.80 

1.90 

1.30 

.80 

.80 

.80 

1.1)0 

.SO 

1.00 

1.80 

2.00 

1.70 

l.JX) 

1.90 

1.30 

.SO 

.SO 

.80 

1.00 

.SO 

1.00 

1.80 

2.00 

1.70 

l.QO 

1.90 

1.30 

.80 

..so 

.90 

1.00 

.W 

1.00 

1.80 

2.00 

1.70 

1.90 

l.CO 

1.30 

.JM> 

.so' 

.VO 

1.00 

.90 

1.00 

l.KO 

2.10 

1.70 

1,90 

l.CO 

1.30 

.80 

.SO 

.90 

1.00 

.90 

1.00 

1.90 

2.20 

1.70 

L80 

2.00 

1.20 

.SO 

.80  1 

'.*<? 

.90 

.W 

1.00 

1.90 

2.20 

1.70 

l.SO 

2.00 

1.20 

.HO 

W 

m 

.90  • 

.90 

1.00 

1.90 

2.20 

1.90 

1.90 

h9a 

1.20 

.80 

70 

w 

.90 

.90 

1.00 

1.90 

2.30 

1.70 

LTD 

l.W 

1.20 

.80 

7* 

m 

.90 

.90 

1.00 

1.90 

2.30 

1.70 

1.70 

1.90 

1.20 

.80 

TO 

m 

.90  , 

.90 

1.00 

1.90 

2.40 

1.60 

L70 

l.UO 

1.20 

.80 

7* 

w 

.90 

.90 

1.00 

1.90 

2.40  1  1.60 

1.70 

t.w 

1.20 

.«0 

m 

no 

.80 

.90 

1.00 

2.10 

2,40 

1.60 

1.70 

1.90 

1.10 

.80 

4K} 

90 

.80 

.9tt 

1.00 

2.10 

2.40 

1.60 

1.70 

1.90 

1.10 

.80 

m 

.9«> 

.SO 

.  CO 

1.00 

2.10 

2.40 

1.00 

1.90 

1.90 

1.10 

..'H) 

i^il 

.90 

.80 

.W 

1.00 

2.10 

2.40 

1.60 

1.50 

i.90 

1.00 

.80 

i'Jt 

.90 

.90 

.90 

1.00 

2.10 

2.40 

1.90 

1.50 

2.00 

1.00 

.80 

d'Jj 

.90 

.90 

.90 

1.00 

2.10 

2.40 

1.70 

l.a> 

2.00 

.90  , 

.80 

7^' 

.90 

.90 

.90 

1.00 

2.10 

2.40 

1.60 

l.W 

2.00 

.90  ; 

.80 

7JN 

.90 

.90  ; 

.90  , 

.80 

2.10 

1.60 

1.50 

2.00 

.80 

.80 

T<^ 

.90 

.90  ' 

.90 ; 

.70 

2.10 

l.CO 

l.W 

L90 

.80  > 

.80 

7Hl 

.90 

.90  . 

.90  ; 

.70 

2.10 

1.60 

1.80 

.80 

'^' 

.90 

.80 

Rating  table  for  the  Rin  (Iramh'  iwar  Cmicem,  ( 'olo.^  for  190-^. 


G«ce 
height. 

Feet. 
0.6 
0.8 
1.0 
1.2 
1.4 
1.6 


Discharge. 

OuRe 
lioight. 

Sectmd-/€ft.  \ 

FM. 

6  : 

1.8 

22  : 

2.0 

44 

2.2 

82 

2.4 

142 

2.6 

244 

2.8 

Scctmd-ftti. 
414 
594 
774 
954 
1,134 
1,314 


GaK«- 
lifighl. 


Fnl. 

3.0 
3.2 
3.4 
3.6 
3.S 
4.0 


l>iH<'hHrR«». 

GuKO 
lieight. 

Diwliaixe. 

S*cimii-fnt. 

Fret. 

S*c()fi(l-ffet. 

1,494 

4.2 

2,574 

1,674 

4.4 

2,  754 

1,854 

4.6 

2, 934 

2,034 

4.8 

3,114 

2,214 

i       5.0 

3,294 

2,394 
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Estimated  monOdy  discharge  of  the  Rio  drande  near  CeriicerOy  Colo. 
[Drainage  area,  7.C05  8<]\iare  mill's.] 


Month. 


1902. 

January 

February . . . 

Man*h 

April 

May 

June 

July 

AugUiit 

Bepteniljer. . 
October  t... 
November . . 
Det-emlKir  .. 


DischarKO  in  pecond-fe<'t. 


Run-oiT. 


Maximum.      Minimum.. 


,  Total  in  arre- 

foel.  Seoond-fcet 

Mf4in.  per  suuarc 

mile. 


I>cp 
inc 


The  vear 


684 

954 

1,494 

504 

594 

414 

22 

22 

HI 

44 

31 

44 

1,494 


414 

594 

185 

ISo 

142 

22 

22 

6 

14 

22 

22 

14 

6 


521 
758 
549 
315 
490 
114  , 
22 

17  ; 

26 
32  ' 

:^ 

37 

243  ' 


32, 035 

42,097 

33,  757 

18,  744 

30, 129 

6,  783 

1,353 

1,045 

1,547 

1,968 

1,7S5 

2, 275 

173,518 


0. 0ti77         i 
.(YMi  , 
.  0713 
.0409 
.0637 
.  0148 
.0029 
.0022  ' 
.0034 
.0042 
.0a39 
.0048 


.  0315 


KTO   (niANDK    NKAU    DEL    NORTE,    COLO. 

MoasuroiTK^nts  and  ohsorvations  wore  first  bo^un  in  the  vicinit 
Del  Xorto  in  ISSi)  by  Croorj^e  T.  Quinby.  Tlio  objoct  of  tbo  ii 
uromeiits  was  to  oy)tain  the  flow  of  the  river  before  water  was  dive 
for  the  agricultural  region  of  the  San  Luis  Valley,  and,  ])v  a  eoni] 
son  of  this  with  the  figures  obtained  at  P^nibudo,  to  acquire  data  i 
the  effect  of  the  numerous  ditches  taking  out  water  ])etween  the 
points.  The  river  25  miles  above  Del  Norte  flows  out  of  the  cai 
at  Wagon  Wheel  (lap.  Little  water,  however,  is  diverted  until 
edge  of  the  San  Luis  Valh^y  is  reachc^d,  the  largest  canal  heading 
the  town  of  Del  Norte.  During  fr(\^hets  the  river  divides  into  a  i 
her  of  channels,  making  it  diflicult  to  obtain  measurements  near  tc 
In  order  to  avoid  the  expense  of  establishing  a  station  during  tin 
high  wat(M-,  th(»  first  measurements — those  about  Jurn^  I — were  r 
from  several  bridges  crossing  the  numerous  ])ranches.  Th(»  r(\ 
were  not  wholly  satisfactory,  and  on  June  iJT)  a  station  was  establi 
above  the  bmnches.  Later  a  locality  about  2  miles  farther  up 
chosen. 

The  station  is  about  2  miles  west  of  the  town  of  Del  Norte,  a 
the  main  canal  taking  water  from  the  Kio  (Jrande  and  is  alK)ve  al 
ii'rigating  ditches  of  importance.     Thc^  river  flows  in  one  chai 
about  J 75  feet  wide  and  of  very  regular  section.     The  banks  on 
sid(?  are  steep,  and  the  water  is  reportcnl  never  to  overflow. 
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eoarse  of  the  stream  is  straight  for  several  hundred  yards  both  above 
ind  below  the  section.  An  inclined  gage  is  set,  at  an  angle  of  ii})out 
S)^  to  the  horizontal,  on  the  left  bank,  and  is  referred  to  bench  marks. 
Ainoted  on  October  10, 1891,  No.  1  is  a  large  nail  in  the  root  of  a  tree 
15  feet  northwest  of  the  end  of  the  cable  on  left  bank  of  river.  I^cMich 
nark  No.  2  is  a  large  nail  in  the  root  of  a  tree  25  feet  southwest  of 
tie  end  of  the  inclined  gage.  Both  bench  marks  are  7.54  feet  above 
tiie  datum  of  the  gage. 

On  June  16,  1900,  the  gage  rod  was  connected  with  an  iron  bench 
nark  of  the  United  States  Geological  Survey,  set  in  the  ground  iii)out 
S5feet  south  of  the  rod,  the  zero  of  the  rod  being  1^25  feet  Ixlow  the 
bench  mark 
Gagings  were  tirst  made  from  a  flat  boat,  4  feet  wide  and  1 4  feet 
,  attached  ])y  rope  and  tackle  to  a  five-eights-iii<h  wire  cable 
fastened  to  a  large  cottonwood  tree  on  the  left  bank,  and  to  a  sjind 
anchor  on  the  right  bank.  They  are  now  made  by  means  of  a  car 
which  travels  across  the  river  along  a  steel  cable,  the  distance  being 
mtrked  on  a  tag  wire.  The  channel  is  excellent,  the  water,  although 
falling  rapidly,  seldom  scouring,  and  the  bed,  then^fore,  remaining 
practically  the  same  from  year  to  year.  The  bed  of  the  channel  is 
covered  with  small  bowlders  and  the  sides,  although  not  high,  have 
never  been  known  to  overflow.  The  observer  is  J.  S.  Regan,  who  has 
kept  the  records  regularly  ever  since  the  station  was  established. 

The  following  discharge  measurements  were  made  during  11M)2  by 
1 L  Fellows  and  J.  E.  Field: 

April  24:  Gage  height,  1.90  feet;  discharge,  493  seoond-fet^t. 
July  8:  Grage  height,  1.31  feet;  discharge,  210  second-feet. 

Daily  g(tge  height^  in  feet,  of  (he  liio  (Jraiuh'  iiear  Del  Xftrtc,  Colo. 


Jau. 


11... 
12.... 

U.... 
15.... 
16.... 
17.... 
18.... 


I  i.m 

■  i.e2 

'  1. 5a 

i.m 

1.68 


Feb, 


LOO 

L(J6 
1.(56 

i.m 


M&r. 


Ape*  '  Mity,  Juiu*.   July.  .\np.    St'pt.    (>ot.  |  Nov.    r>eo. 


i.m  ! '„.„ 

i.m   L-w  I  's.'ii '  2.U  ;  1.24 ;  i.ck-.   i.iio 

LOO  i.....J..,.. 

l.aO  j  1.00  I  2,Wt"     2. 31  '  l.Jl      I.IH)     1.24 
l.fiO 


1.41  l.:;4  I.M 
1.4tJ  L:'.»;  2.00 
1.40  :  l.:i2  '     1.92 


I.m      1.71      L\^,H      '>.-S^)      1.22      l.OS  ;  ].20  '  1. 


40  ;  l.o2  .    1.96 


l.f^  ;  l.r4J  ' 

hci '  \.M  I  2.m  ;  'j.i-c    2.1:4  .  1.26    i.os    i.n  ;  i.48  ]  1.32  '   i.m 
1,02    l/M  ' ,. 


.1  1.58  I  1.G2  '  1.3^1  '  I.M     2. 


I  1.52  .  1.C2  ;  1.31 


1.52  ;  1.62  ;  ].:M      I.N) 

1.52  !  1.02    i.:;i  


2.10  1.22      l.OS      1.12      1.44  '  l.lV)        1.80 

I 

2.11  l.'JO     1.11      1.10     1.40     l.:W  I     1.82 


1.52  I  1.02      l.:.U      1..M      2.70      l.W      1.  10,  1.12     1.10     1.38      1.32 
1.52  '  1.70  •  1.40    ' 


1.84 


1.52 

1.70 

1.52 

1.70 

1.56 

1.70 

1.40     1.H2     2.04  I  1.7S     1.10  I  1. US     1.10     1.34     1.28  ;     1.80 

i...oi ' ! ; ! ! ; 

1.40  I  2.01  I  2.-10  I  1.66  I  1.20  !  1.04  .  1.12  !  1.30  I  1.28  .    1.82 
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Daily  gage  height^  in  feet ,  ofOie  Rio  Grande  near  Dd  Norte,  Colo. — Continued. 


Day. 

VMtl. 


'  Jan.  ;  Feb.    Mar. '  Apr.  '  May.  Ijune.l  July.  |  Aug. '  Sept.    Ort.    Nov.  |  Dec 


20. 
21. 
22. 
23. 
21  . 
25. 
2f>. 
-7  - 
28. 
29. 
30. 
31. 


.:  l.'iG  1.70     1.40  1 

.1  1.56  I  1.70  [  l.-IO  I  2.46  '  2.1C 

.|  l..V>  I  1.70  I  1.40    ' 

.;  l.JW  l.fiJ<  '  1.26  1  2.34  ,  2.W 

.  i.rx;  1.G8  ;  1.2c  ' 

.  l.Trfi  I  1.68  j  1.26  I  1.8C  I  2.00 

.'  1.00  I  l.r>8  '  1.2G  I 


1.60     1.C.S  I  1.26  '  2.42  \  2.06 

1.60     l.GJS  i  1.20  I ' 

1.00 
1.00  I 


UtO     1.20     1.00  I  1.40  ,  1.30     1.30      l.« 


1.50     1.16  I  1.06  I  1.52  !  1.32  I  1.30      1.7B 


1.42  I  1.12     1.96  I  1.52  ,  1.32     1.28  |    Ltt 


1.34  '  1.14 


1.60  ' !  1.36  '. 

I  ,  1 


1.26  I  2.46  I  2.64     1.30  .  1.14 
1.36  ' ' 


2.S4  ' 


1.10 


1.70  i  l.M  '  1.2t)     1.34  I    L» 


1.48  i  1.50  I  1.'22     2.00  1    l.« 


1.40  ' 


I 


1.30 


LSI 


height. 


J-'rrt. 

1.0 
1.2 
1.4 

l.»i 
l.s 

2.  0 


liatintj  table  l(tr  the  J  Ho  (irande  -near  Del  Xorte,  C\)lo.,  for  1902, 

Diwhaiyo. 


DiwhurTr. 


height. 


heiX.      ^''^^^^'    '   h?gS.    !  J>««-h»1?e. 


ikcoivl-Jirt.  Ft  ft.      I  Scntnd-/ret, 


(>9 
2()o 

.MS 


2.  2 
2.4 
2.(i 

2  S 


812 

976 

1,148 

1 .  880 

1,528 
1.742 


Fffi. 
8.4 
8.<> 
8.8 
4.0 
4.2 
4.4 


Sccond'fceL  '■> 

Feet. 

.Si 

1,972  : 

4.6 

2,218     1 

4.8 

2,480    1 

5.0 

2,  758 

5.2 

8,a51    '1 

5.4 

8,  :iol     i 

0.6 

Hsflinntrtl  iiiniitldii  iHsclmr^ji  <■/  lli*'  H'm  (irdndt  lunr  Del  Xurtfj  Colo. 


iMM-ha 

vjr  i;i  M-c..iMl-f« 

<•(. 

'••lal  ill  Acre- 
ff<'t. 

Uun-off. 

>r(»iiiii. 

Miixiiimiu. 

Miniifiuiii. 

M.-un. 

Second-fcct 

l>er  fkiuare 

mile. 

Depth  in 
inches. 

. 

-     - 

-  — 

l'.H)2. 
Januarv 

487 

1                ',VM'i 

8S1 

2.;,  427 

0.  28 

0.32 

Febriiarv 

47)0 

'               88.-. 
180 

412 

4:;s 

22,811 
26, 082 

.29 
.81 

.2y 

Marrli  

487 

.:^ 

Apri' 

1,027 

2(>.-> 

iV.\S 

87,064 

.45 

.M) 

Mav 

1,787 

(>()() 

1.1  (>0 

71,870 

.84 

.91 

June 

1,201 

210 

(lis 

.".6,  774 

.44 

.49 

Julv 

180 

112 
()0 

l.i2 
ISO 

0,  .846 
11,068 

.12 
.18 

.U 

A  n<:ust 

..."             «i81 

.15 

Se])toinlHT 

..."             'M9> 

112 

20<; 

12,2.58 

.15 

.1' 

(VtohcT 

...1             812 

160 
2(X) 
.%18 

242 
240 
547 

14,880 
14,817 

x\,  6;;4 

.17 
.18 

_    ^^ 

.81 

.•2< 

November 

..J            660 

o 

December 

660 

.4 

1,787 

___.- — — 

The  year 

(iO 

486 

815,700 

4.2- 



... .-  - 



_  .  .  _  _    . 
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INDEX. 


l^iHdirlrA.  Okla.,  stream    measurements 

At 13^140 

laKdina  Rirer.  Texas,  measurements  of..      142 
AikuwCitx,  Kans.,  stream  measurements 

at 119-120 

~      iflEiiMs  River,  measurements  of,  at  Ar- 
kansas City,  Kans 119-120 

meuoiements  of,  at  Barton,  Colo —  125-126 

atDodge.Kans 122 

at  Hutchinson,  Kans 120-122 

at  Pueblo,  Colo 130-133 

atSallda,Colo 136-138 

atSjTBCuse,  Kans 123-125 

near  Canyon,  Colo 133-136 

near  Nepesta,  Colo 128-130 

near  Rockyford,  Colo 126-127 

itresm  measurements  in  basin  of 113-138 

ifUiH,  Colo.,  stream  measurements  near. .  79-81 
Irtiaftoa,  Nebr.,   stream    measurements 

near 51-^ 

iotfo,  Tex.,  stream  measurements  at. . .  149-153 

Bi%,  Colo.,  stream  measurements  at 94 

IiiUinfer,  Tex.,  stream  measurements  at. .      152 
Bunetts  Ford,  Tex.,  stream  measurements 

at 156 

BirtMi,  Colo.,  stream  measurements  at . .  125-126 
Buton  Springs,  Texas,  measurements  of.  152-153 

^ Creek,  Colorado,  measurement  of 89, 94 

^  Creek,  Texas,  measurements  of 154 

^e&ileman,  Kebr.,  stream  measurements 

at 113 

^  Bend,  stream  measurements  at 94 

''^  Qt'pTess,  Texas,  measurements  ct 140 

^% Sandy.  Tex.,  stream  measurement:^  ncHr  141 
2^  Sandy  River,  Texas,  measurements  of.  HI 
^^  Sioux  River,  Nebraska,  measurements 

of 49 

^1^  Sioux  River,  South  Dakota,  measure- 
ments of l.Vlfi 

^tg  Thompson  Creek,  Colorado,  measure- 
ments of 7{>-xi 

^tfhom    River,  Wyoming,  measurements 

of 2:j-J4 

^fspring,  Nebr.,  stream  measurements  at.  7"2-73 
^lue  Creek,  Nebraslca,  measurements  of. . .        93 

^loe  River,  Kansas,  measurements  of 97-99 

^lue  River,  Nebraska,  measurements  of . . .      112 
^ojteman,  Mont., stream  measurements  near  4:t-45 
^Bnuos  River,  measurements  of,  at  Rich- 
mond, Tex 147 

measurements  of,  at  Waco,  Tex 143-1  Ifi 

stream  measurements  in  basin  of 143-148 

^^rtdgeport,  Nebr. ,  stream  measurements  at .  64-<JC 


Page. 
Brush  Creek.  Wyoming,  measurements  of . .       94 

stream  measurements  at 94 

Buffalo,  Wyo..  stream  measurements  at 20 

Buffalo  Creek,  Nebraska,  measurements  of.       92 
Buffalo   Springs,   Colo.,   stream    measure- 
ments near 94 

Burwell,  Nebr.,  stream  measurements  at . . .  92 
CalamusCrcek,  Nebraska,  measurementsof.       92 

Camden,  Ark.,  stream  measurements  at 140 

Canadian  River,  Oklahoma,  mea>*urenient.s 

of 114 

Canyon,  Colo.,stream  measurements  near.  133-136 
Cascade,  Mont.,  stream  measurements  at ..  35-36 
Cenicero,     Colo.,     stream    measurements 

near 192-194 

Center  Creek,  Nebra.skn,  measurements  of .  112 
Chalk  Creek,  Colomdo,  measurements  of...  138 
Clear  Creek,  Colorado,  mea-suremeuts  of...  M-86 

Clear  Creek,  Texas,  mea.surements  of 156 

Clear  Creek,  Wyoming,  measurements  v( ..  20, 94 

Cody,  Wyo.,  stream  measurements  at 21-23 

Colorado  River,  measurements  of,  at  Aus- 
tin, Tex 149-152 

measurements  of,  at  Columbus,  Tex 149 

miscellaneous 152 

stream  measurements  in  ba*<in  of 148-156 

Columbus,  Nebr.,  stream  measurements  ut.  55-67 

stream  measurements  near 57-59 

Columbus,  Tex.,  stream  measuniments  at. .      14S 

Comal  Creek,  Texas,  measurements  of 157 

Comul  Spring  Creek,  Tex.,  stream  measure- 
ments at 157 

Comfort,  Tex.,  stream  measuremeiilN  at 157 

Como,  Colo.,  stream  measurements  at 94 

Conifer,  Colo.,  stream  measurements  near. .        94 

Corlett,  Wyo.,  stream  measurements  at 94 

Cow  Creek,  Wyoming.  mea.surements  (.f...        94 

Craig,  Mont.,  stream  measurements  at 37 

Crete,  Nebr.,  stream  measurements  at 112 

Crooked  Cn;ek, Nebraska. measuremi'nts  cf.  112 
Crow  Creek,  Montana,  measurements  of...  50 
('uero,  Tex.,  stream  measurements  near . . .  156 
Culbertson,   Nebr.,  .stream    measurements 

at 112-113 

Deer  I'ark  Creek,  Colorado,  mea.surements 

of 94 

Del    Norte,    Colo.,    stream    measurements 

near  194-196 

Denver,  C^olo.,  stream  measurements  at 86-88 

Devils  Gate,  Wyr).,  stream  measurements  at.        72 

Devils  River.  Texas,  measurements  of 164-165 

Devilsrlver,    Tex.,    stream    measurements 

at 164-165 

197 


198 


INDEX. 


Devllsrivor,    Tox.,    stream    mcAsuremt'iils 

near lfil-163 

DodKO,  Kaiis.,  stream  mea«iirem«.'nts  at 11*2 

Eagle    I*a>w.   Tox.,   Htrt'am  meat»uremonts 

at I.VUIOO 

El  Paw,Tex.,strt»am  measurement.**  near.  181-1X3 

Elk  Creek,  Colorado,  meaHuremonts  of 94 

Elkhom  River,  measurements  of,  near  Ar- 

lin(^on,  Nebr TA-^'A 

measurementflof ,  near  Norfolk,  Xebr.  63-A5. 92 
Ellsworth,    Kans.,   stream    measurements 

at 110-112 

Elreno,  Okla.,  stream  measun^ments  near. .  lU 
Embudo,  N.  Mex.,  stream  measurements 

at 189-192 

Enders,  Nebr.,  stream  measurements  at 112 

Erskine  Falls.,  Tex.,  stream  measurement* 

near l'>7 

Fairplay,  Colo.,  stream  measurements  at. . .  W 
Forkecreek,  Colo.,  stream  measurements  at.  M-^C 
FourmileCrcek,  Colorado,  mcasuremeutsof.  94- 
Fort  Hancock,  Tex.,  strc>am  mea.surements 

near 179-180 

Fort  MeKavett,  Tex.,  stream  measurements 

near 156 

Fort  Niobrara,  Nebr.,  stream  measurements 

at 4J 

Fort  Steele,  Wyo.,  stream  moosurcmentM  at.  9^1 
Franklin,  Nebr., stream  measurement:^  at. .  11.3 
Frenchman  Ri  ver,Nebraska,  measnrementH 

of 112 

Qallahers  Ferry,  Mont.,  stream  measure- 
ments at :{7 

Gallatin  Ferry, Mont., stream  laea.surements 

at 37 

Gallatin  River,  Montana.  nn'iuMirements  of.  3A-iu 
Garland,  Ark.,  stream  mea.surements  at ...  1 10 
Grand  Kneampment  Creek,  Wyominiij.nieais- 

urements  of *i| 

Graniti*   Canyon,    Wyo.,  htn-ani    mcasurt!- 

ments  at «.u 

Greatfalls,  Mont.,  stream  measurements  at,  :i7 
Guadalupe  River,  Texu.s,  measurements  of. 

mist^ellaneons i:,7 

mea.surements  oi,  near  Cucn),  Tex JV. 

stream  measurements  in  Uisin  of l.V>-i:)7 

Guemst'v.  Wyo.,  stream  nicjLsun  raents  at. .  (..h-To 
Haijfler.  Nebr.,  stream  nieiusurements  at . . .  1  ij 
Halls  Gul("h,  Colorado,  mestsurements  of. . .  <ji 
Ilatton,  Wyo..  stniim  meu.^-urements  near. .  70-71 

Havre,  Mont.,  stream  meusunMin-nt.s  at 2*^-31 

Hecla,  Wyo.,  stream  measnri'mentsnoar...  7'>-77 
Hot  Wells.  Tex.,  stream  nietusurenient.s  at..  l.')7 
Ilutehinwrn,   Kans.,  stn-am  nieiusurenu-nts 

at 120-122 

lola.  Kan*.,  stream  Tncasurenu-nts  at UViu; 

Ives,  N\-l>r..  stn'am  nu'a.Mireinc-nt.s  at 112-11;; 

Jefferson.  Colo.,  stn-ani  nn-asun'raenis  at..  \n 
JelTers4»n  Creek.  Colorado,  nn'asiironR-nt>  (»l'  '.'4 
.Ii'fferson  Hivcr.  Montana,  nieavnirnnjntsot.  IT-ll* 
Jolin«-on»  K<»rk  i  <iaM(lalui»«-  .  T.xa>,  nieas- 

un-nient'«ol i')7 

John^'on    Folk    il.ianoi    T<xa-,    ni«.'»i>nr«- 
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LETTER   OF   TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  IlYDRO(mAPHY, 
Washington,  IX  C,  June  29^  W(^. 
Sir:  I  have  the  honor  to  transmit  hei'ewith  Water-Supply  Paper 
No.  85,  which  is  Part  IV  of  and  complotos  the  r(»i)ort  of  progress  of 
stream  measurements  for  the  year  \  902.  This  paper  contains  the  data 
which  has  been  received  during  1902  from  that  portion  of  the  terri- 
tory west  of  the  Mississippi  River  which  does  not  drain  into  either 
the  Mississippi  River  or  the  west/crn  Gulf  of  Mexico. 

This  paper  contains  for  the  various  gaging  stations  the  original 
data  as  collected  and  the  results  obtained  from  the  discussion  of  this 
data,  also  such  other  information  as  is  of  interest  in  liydrographic 
studies. 

Very  respectfully,  F.  11.  Newell, 

Hydroyraplwr  in  Chanje. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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PROGRESS  REPORT  OF  STREAM  MEASURE- 
MENTS FOR  THE  CALENDAR  YEAR  1902. 


By  F.  H.  Newell. 


rNTROI>UCnON. 

This  paper  contains  data  collected  during  1902  from  that  jwrtion 
of  the  territory  west  of  Mississippi  River  which  does  not  drain  into 
either  Mississippi  River  or  the  western  Gulf  of  Mexico.  It  com- 
pletes the  Report  of  the  Progress  of  Stream  Measurements  for  the 
Year  1902,  which  report  is  made  up  of  Water-Supply  Papers  Nos. 
82-85,  inclusive. 

Water-Supply  Papers  Nos.  82  and  83  contain  the  data  collected  in 
the  territory  east  of  Mississippi  River,  and  papers  Nos.  84  and  85 
that  collected  west  of  Mississippi  River.  The  material  in  each  of 
these  papers  consists  of  both  the  original  data  as  collected  at  the 
various  river  stations  and  the  results  obtained  from  the  discussion 
of  these  data;  also  brief  descriptions  and  facts  regarding  such  other 
subjects  as  are  allied  to  hydrographic  studies. 

For  convenience  in  aiTangement  the  data  in  this  paper  have  been 
grouped  into  the  following  drainage  areas  and  arranged  in  the  order 
given:  Colorado  River  drainage.  Interior  Basin,  San  Francisco  Bay 
drainage.  Southern  California  drainage,  Columbia  River  drainage, 
Paget  Sound  drainage,  and  Hudson  Bay  drainage. 

On  figs.  1  and  2  the  dots  show  the  locations  of  tlio  stations  at  which 
the  United  States  Gleological  Survey  is  collecting  hydrographic  data. 
The  section  west  of  the  shaded  line  comprises  those  States  which  are 
covered  by  the  national  irrigation  act  of  June  17,  1902  (32  Stat.  L., 
388-390),  and  the  cross-lined  areas  show  the  location  of  the  irrigation 
projects  which  are  now  under  investigation. 

In  collecting  hydrographic  data  the  Geological  Survey  has  received 
the  hearty  coox)eration  of  various  individuals,  corporations,  and  States, 
as  mentioned  hereafter.     This  coox)eration  has  made  possible  the  pub- 
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licatiou  of  many  valuable  records,  which  could  not  otherw 
been  obtained. 

A  brief  historical  sketch  of  the  stream  measurements  mad 
United  States  Geological  Survey  is  published  on  pages  11-15  o 
Supply  Paper  No.  75. 


Fig.  1.— Location  of  river  stations  and  principal  irrigation  projects  in  western  hal 

States,  1902-3 

The  results  of  the  stream  measurements  made  during  the  pi 
by  the  United  States  Geological  Survey  can  be  found  in  the  f 
publications,  which  may  be  consulted  at  the  public  libraries 
of  our  cities: 

1893.  Bulletin  No.  131. 

1894.  Bulletin  No.  131. 


.] 


INTRODUCTION. 


K  Bolletin  No.  140. 

6.  Water  Supply  Paper  No.  11,  Part  IV  of  the  Eighteenth  Annnal  Report. 

17.  Water  Sniyply  Papers  Nos.  15  and  16,  Part  IV  of  the  Nineteenth  Annual 

xt. 

».  Water  Supply  Papers  Nos.  27  and  28,  Part  IV  of  tlie  Twentietli  Annnal 

«rt. 


Pio.  2.— Location  of  river  statioiiH  in  oastem  Imlf  of  United  States,  19<>JJ-8. 

18W.  Water  Supply  Papers  Nos.  35  to  3»,  inc^lnsive,  Part  IV  of  the  Twontj 
Annual  Report. 

1900.  Water  Supply  Papers  Nos.  47  to  52,  inclusive.  Part  IV  of  the  Tv 
second  Annual  Report. 

1901.  Water  Supply  Papers  Nos.  65,  66,  and  75. 
/i*Jta   Water  Supply  Papers  Nos.  82  to  H5,  inclusive. 
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mnu.]  COLORADO   RIVER   DRAINAGE    BASIN.  15 

I  far  aflnstaoce  rendered  and  data  fnmished:  To  Reginald  H.  Thouufon,  city  enfi^- 
I  iwof  Seattle.  Wash.;  to  Lonis  Q.  Heybrock,  who  haa  l)een  voluntary  observer 
It  the  station  of  the  south  fork  of  Skykomish  River,  and  to  A.  A.  Batcheller,  who 
1m  been  voluntary  observer  at  the  station  on  Cedar  River  at  Cedar  Lake,  and  to 
DM  J.  HiH.  who  has  furnished  transportation  to  the  resident  hydrographer  in 
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bNB  famished  to  Sydney  Arnold  by  Thomas  Cooper,  general  manager  of  the 
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ib(i  due  to  H.  G.  Burt,  president  of  Union  Patdfic  Railroad  Company,  for  trans- 
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COIiORADO  RIVER  DRAINAGK  BA8IN. 

Topographically  considered,  this  is  the  largest  hydrographic  basin 
lying  wholly  within  the  arid  region,  having  a  total  area  above  the 
town  of  Yuma,  Ariz.,  of  over  225,000  square* miles. 

This  basin  is  situated  in  Wyoming,  Utah,  Colorado,  Arizona,  New 
Mexico,  Nevada,  and  California,  but  the  principal  water  supply  conies 
from  the  melting  snows  of  the  high  mountains  of  Wyoming,  Utah, 
and  Colorado.  The  minimum  flow  is  less  than  3,000  cubic  feet  per 
second.  The  maximum  reaches  more  than  60,000  cubic  feet  per 
second. 

This  stream  has  been  called  the  Nile  of  America.  Like  the  Nile,  the 
Colorado  is  subject  to  an  annifbl  summer  rise,  which  comes  at  a  time 
when  it  is  most  needed  for  irrigation.  Its  waters  carry  a  large  amount 
of  sediment,  reaching  as  high  as  2,000  parts  of  sediment  to  100,000 
parts  of  water.  The  minimum  amount  is  carried  during  the  winter 
months  and  probably  is  never  less  than  60  parts  of  sediment  to 
100,000  parts  of  water. 

Prof.  R.  II.  Forbes,  in  Bulletin  No.  44,  University  of  Arizona  Agri- 
cultural Experiment  Station,  says: 

On  the  basis  of  the  profile  constructed  from  available  data  for  the  volume  of 
flow  of  the  Colorado,  and  of  the  year's  silt  determinations  made  in  this  lal)oratory, 
it  is  estimated  conservatively  that  the  river  during  1900  brought  down  alx)ut 
61.000,000  tons  of  sedimentary  material,  which,  condensed  to  the  form  of  solid 
rock,  is  enough  to  cover  26.4  square  miles  1  foot  deej),  or  to  make  53  square  miles 
of  dry,  alluvial  soil  1  foot  deep,  or  to  make  about  104  M^uaro  miles  of  recently 
settled,  submerged  mud  1  foot  deep,  reckoning  the  whole  amount  of  mud  for  the 
year  to  average  6.2  times  the  bulk  of  the  solid  sediment. 

Comparatively  a  small  amount  of  land  is  irrigated  by  the  watera  of 
Colorado  River,  owing  to  the  fact  that  the  main  stream  and  both 
of  its  tributaries  are  situated  so  far  below  the  level  of  the  irrigable 
lands  as  to  render  their  diversion  extremely  difficult  or  imi)racticable. 

There  are  two  pumping  i^lants  that  lift  water  for  irrigation  at  Yuma 
and  several  at  other  points  on  the  river  above  Yuma.  The  Imperial 
canal  diverts  water  at  a  point  on  the  right  bank  of  the  river  6  miles 
below  Yuma.  It  is  the  intention  of  the  owners  of  this  canal  to  reclaim 
a  large  tract  of  fertile  land  situated  in  Mexico  auA  m  CaWtotToai, 
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Daily  gage  height ,  in  feet,  of  Colorado  River  at  Yuma^  Ariz, 
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18.:*) 

18.30 
18.00 
17.80 
17.70 


I 


Rating  table  for  Colorado  Rii'er  at  Yumn,  Ariz.,  for  1902, 


h^STt. 

Discharge. 

heigl^. 

Discharge. 

he^^. 

Discharge. 

Gasre 
height. 

Discharge. 

Feet. 

8eco7td-fe^t. 

Feet. 

Second-feet. 

Feet. 

Second -feet. 

Feet. 

Second-feet. 

16.5 

3,030 

18.2 

4,920 

20.4 

13,800 

22.6 

33,400 

16.6 

3,050 

18.4 

5,340 

20.6 

15,200 

22.8 

35,800 

16.7 

3,080 

18.6 

5,790 

20.8 

16,600 

23.0 

38, 200 

16.8 

3,120 

18.8 

6,310 

21.0 

18,200 

23.2 

40, 800 

16.9 

3,170 

19.0 

6,910 

21.2 

19,800 

23.4 

43,400 

17.0 

3,230 

19.2 

7,590 

21.4 

21,500 

23.6 

46,100 

17.2 

3,380 

19.4 

8,360 

21.6 

23,800 

23.8 

48,900 

17.4 

3,580 

19.6 

9,300 

21.8 

25, 100 

24.0 

51,700 

17.6 

3,850 

19.8 

10,3(M) 

22.0 

27,000 

24.2 

54,700 

17.8 

4.160 

20.0 

11,400 

22.2 

29,000 

24.4 

57,700 

18.0 

4,520 

20.2 

12,600 

22.4 

31,200 

30 


ttTKZJ&V   MEA?^rXniI3T^   TX   IWC  FA«T   IV. 
JMv'fliMf'^  mf.^tttiJf  *iHJtri»^r^  <»f  <  '?«2rin»^«  Rmr  <d  Tmwita^  Ariz. 


[!«>.  J 


Z^^sur, 

Pf  zx  wwrmcr-iwn. 

Trttlix 

Bvn-off 

X'^X. 

IfmiTaL 

X'^i. 

DeptHia 
izkcbcA. 

ISiriS. 

Janoarr 

4..W* 

?.»' 

Z.7T: 

23».1«4 

0.«17 

0.030 

FdtinimrT 

4.T3i' 

3.^*« 

3.StV. 

21*.«50 

.OlS 

.019 

Man* 

->.:^« 

4.-^> 

4,Siii5 

*0.474 

.022 

,(IS5 

Aprfl 

11.4-*« 

4,::M<t 

f.l?» 

3^7,  <r« 

.027 

.090 

ifay 

!*.:>•> 

ll-4<f» 

35.S«1 

2.211. 156 

.160    ; 

.184 

Jane.. 

.j«.-fc«» 

2>.(W 

42.5d(» 

2.5.^M15 

.1S9 

.211 

July 

?:.<•«• 

5.  l.^> 

12.5*: 

770.255 

.056 

.08$ 

AoKoift  .. 

5,.j«»> 

3.5^> 

4.1S3 

357.203 

.019 

.028 

HntemliW 

K:i^3 

3.a>« 

3,M9 

227.246 

.017  ' 

.019 

Ortr>tj<yr  .   . 

6.6iji> 

3. 14-1 

4.2S« 

264.:{35 

.019  i 

.023 

JktrfeukkitfT . 

5. 740 

3.140 

4.1*7 

249.144 

.019  : 

.021 

Dectauliffr  . . 

12.CIBI 

3.5fiPii 

5. 412 

3J2,771 

.024 

.028 

TIm?  yvsuc   . . 

».200 

3,«>50 

10.973 

7.960,1S9 

.(m 

.600 

COI>iRAI>o   KIVER   AT  BULL-S   HEAI>,  ARIZ, 

A  jrajrin;:  Malioii  was  «.*stablishe<l  at  a  p<»int  <»f  nx-ks  on  Colorado 
Kjv<rr.  known  as  \ho  Iiull>  II*^a<l.  by  E.  T.  JN-rkins.  en^in«M.M*.  The 
htfition  \^  »»itijat>'d  al  th«*  I>ull>  IL-ad.  So  niil<*s  north  of  Xeeilh^s,  C'al., 
and  is  a''''<r'»hihh*  only  by  wa;j:on  rr»ad  iij»  the  Arizona  side  of  tho  river. 
A  'fabh'  wa**  stret'rh'-*!  across  the  river  at  tliis  |xiint  on  DeeemlM»r  1, 
I'.f^rJ.  T.  M.  \Vhe<Jbw',  hydrojrrapliic  aid,  was  assigne<l  as  observer. 
II<'  n-^id^-'l  at.  the  <'ntrineerin^  camp,  whirli  ha<l  headquarters  at  this 

The  nvf'V  was  measured  witli  a  Pri(M»  eh'<*tn(*-ourn'nt  meter  three 
t'iiit***-,  a  wf'i'k,  and  nxl  n*adin^s  were  takni  dairy.  Mr.  WluHibe<*  is 
l>«diev<'d  to  \h'  a  n-liable  and  aceurato  o!»sorvor.  T!ie  equipment  eon- 
hjhl<'d  of  a  ljv<--ei;(hths-inch  cable  and  a  irairinir  rar  and  tag  wire.  The 
htation  was  niaintaine<i  as  lon^  as  the  (Mi^iniM'rin*^^  eamp  remained  at 
the  I'hHIs  Jb*ad,and  th<*n  the  mat<'rial  was  removed  and  stored  at  the 
Ni'wlJes,  with  the  exeeption  of  tlio  ^atre  inkI. 

Tlie  |<a;r<'  is  an  inclin<'d  wooden  rod  divided  into  tenths  of  a  foot. 
It  is  well  painted  and  is  fasten(*d  to  tlu»  left  rock  bank  of  tlie  river. 
A  bron/e  beneh-mark  tabh't  is  S(*t  on  the  Arizona  side  in  the  rock 
about  JO  feet  above  low-watermark  and  about  r)()  t'eet  downstream 
from  tin;  gage  lod.     Tlie  elevation  of  the  bench  mark  is  53U.5l*3  feet 
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libove  sea  level  and  the  zero  of  the  rod  equals  an  elevation  of  400.902 
[feet.  The  initial  point  for  soundings  is  the  left  bank.  The  river 
Icbuiiiel  is  straight  for  about  1,000  feet  above  and  500  feel  below  the 
{nble  station  and  the  current  is  rather  swiff.  The  banks  are  high 
[ind  rocky,  but  the  channel  of  the  river  is  shifting  silt.  A  determina- 
jtionwas  made  of  the  value  of  "n"  at  this  gaging  station.  It  was 
I  found  that  "n"  equaled  0.010. 

Discharge  measurements  of  Colorado  Riifer  at  Bulls  Head, 


Date. 


1902. 


Hydroifrapher 


J.  T.  Whistler. 


Docember  5 

December  10  . I  L.  M.  Barnes. 

December  13 do 

DteoemberlT -.do 

December  20 do 

December  24 do 

December  29 do 

December  31 do  ._ 


If 

DiHoharfce. 

Feet. 

St'cond'feet. 

3.00 

5,786 

2.  or, 

4,051 

2.45 

3,222 

2.95 

4,1JW 

3. 50 

4,792 

3.23 

4,939 

2.45 

3,366 

2.20 

2,913 

VERDE  RIVER  NEAR  M'DOWELL,  ARIZ. 

A  number  of  large  irrigation  enterprises  have  been  planne<l,  designed 
to  divert  water  from  the  lower  stretch  of  this  river  to  irrigate  lands 
north  of  Pha?>nix,  but  none  has  lK»en  constructed.  The  results  of 
measurements  of  this  river  combined  with  those  of  Salt  River  show 
the  amount  of  water  available  for  the  irrigable  lands  of  Phcenix 
Valley.  The  dam  of  the  Arizona  Canal  Company  is  located  on  Salt 
River  immedfately  below  the  mouth  of  the  Verde.  The  gaging  station 
on  the  Verde  is  located  three-fourths  of  a  mile  above  its  mouth  and  30 
miles  northeast  of  Phcenix.  It  was  established  April  20,  1897.  The 
station  is  equipped  with  a  cable,  car,  and  tagged  wire.  The  gage 
consists  of  a  2  by  4  inch  inclined  rod  fastened  to  posts  driven  into  the 
east  bacnk  of  the  river  about  4(X)  feet  below  the  gaging  cable.  The 
bench  mark  is  on  a  cat's-claw  tree  {Acficia)  about  100  feet  southeast 
of  the  old  gage,  on  a  Cottonwood  tree,  which  is  GO  feet  below  the  cable. 
The  elevation  of  the  bench  mark  is  27.02  feet  above  gage  datum.  The 
channel  of  the  river  is  similar  to  that  of  Salt  River — sandy  and  liable 
to  change  during  a  slight  rise,  an<l  a  large  number  of  measurements 
are  necessary  in  order  to  accurately  determine  the  discharge. 


its  dtRtfAM  icxASuttOciam  lit  iiMk  ^Os*  tr.         t> 


mS& 


DiKhi 


1M8. 


J«miAr7  4... 
January  11.. 
Jamaary  19 . . 
JannaiydS.. 
JamiaiyST.. 
Febomazyl. . 
FebamazyS.. 
Febmaiyld. 
FebomazySS. 

Mtfchl 

March  8v 

March  15.... 

MaiGhdd 

MazohM.... 
March  90.... 

Aprill 

AiHc£L6 

AprflS 

April  10 

Aprill5 

April  19 

JtdyU 

July  19 

Jtay26 


J.  Fred  Appleby. 
do 


do 

.....do 

do 

do 

do 

do 

do 

do 

W.  Bichins 

do 

do 

-..-do 

do 

.....do 

do 

do 

do  _ 

do  ._ 

do _. 

Frank  P.  Trott. 

do 

do 


5.88 
5.86 
5.98 
5.85 
5.41 
5.46 
5.86 
5.88 
5.81 
5.40 
5.40 
5.41 
5.85 
5. 48 
5.50 
5.86 
6.88 
5.48 
5.60 
5.20 
5.10 
4.47 
4.58 
5.00 
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Daily  gage  height,  in  feet,  of  Verde  River  near  McDowell,  Ariz, 


'^^^W                   D»y- 

Jan. 

Feb. 

Mar. 

Apr. 

July. 

•d, }'^:. 

5.38 
5.84 
5.84 
5.88 
5.88 
5.38 
5.89 
5.36 
5.84 
5.32 
5.8ft 
5.85 
5.88 
5.35 
5.83 
5.29 
5.29 
5.29 
5.29 
5.81 
5.33 
5.33 
5.33 
5.33 
5.86 
5.45 
5.41 
5.38 
5.89 
5.46 
5.4:3 

5.44 
5.43 
5.43 
5.40 
5.89 
5.39 
5.40 
5.34 
5.36 
5.38 
5.86 
5.85 
5.38 
5.38 
5.32 
5.32 
5.31 
5.33 
5.86 
5.:i4 
5.:J2 
5.31 

h.m 

5.32 
5.37 
5.42 
5.39 
5.36 

5.40 
5.42 
5.42 
5.43 
5.44 
5.42 
5.40 
5.40 
5.8r 
5.40 
5.40 
5.47 
5.43 
5.42 
5.41 
5.41 
5.41 
5.41 
5.41 
5.40 
8.:i9 
5.35 

5.93 
5.93 
5.68 
5.63 
5.51 

jl  Jl 

*f  1 

M 1 

Mm  1 

m  . 

5.42 
5.« 
5.55 
5.49 
5.42 
5.39 

m   * 

'■   1 

M  n.... 

■  n. 

I  tt. 

1  BL 

1   u. 

5.27 
5.20 
5.17 
5.15 
5.11 
5.10 

'   IS 

M. 

17 

18. 

»- 

». 

a 

a 

a 

4.90 

8L 

5.35 
5.40 
5.52 
5.47 
5.49 
5.49 

4.85 

a. .  .   . 

7.44 

a 

5.00 

» 

a 

a 

30 

31 

5.42 

1 

SALT  RIVER  AT  M'DOWELL,  ARIZ. 

Irrigation  is  practiced  to  a  small  extent  on  Salt  River  in  what  is 
known  as  Tonto  Valley,  but  shortly  after  Tonto  Creek  joins  it  the 
river  enters  a  canyon  and  continues  in  it  until  a  short  distance  above 
the  mouth  of  Verde  River.     At  this  point  the  river  reappears  from 
its  canyon,  and  its  course  is  thence  across  the  Plains  district  until  it 
enters  Gila  River  at  the  northwest  corner  of  Gila  River  Indian  Reser- 
vation.    From  the  mouth  of  Verde  River  down  to  Gila  River  a  num- 
ber of  large  canals  divert  the  water  of  Salt  River  and  serve  the 
extensively  irrigated  lands  in  the  vicinity  of  Phoenix  on  the  north  side 
and  Mesa  on  the  south  side  of  the  river.     During  ordinary  seasons  all 
of  the  water  of  Salt  River  is  diverted,  and  at  the  present  time  there 
is  a  shortage  in  the  summer  months.     The  gaging  station,  established 
April  20,  1897,  is  located  4,000  feet  above  the  mouth  of  the  Verde 
and  30  miles  northeast  of  Phoenix.     The  gage  consists  of  a  2  by  G  inch 
scantling  bolted  to  rocks  on  the  south  side  of  the  river  about  300 
feet  above  the  cable.     The  bench  mark  is  a  nail  in  a  palo  verde  tree 
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about  76  feet  west  of  the  north  oable  anchorage  and  is  17.83  feet 
gage  sero  The  bed  of  the  river  is  sandy  and  shifting,  and  it  is 
sary  to  make  a  large  number  of  measurements  in  order  to  obt 
accurate  estimate  of  the  discharge. 

The  station  was  temporarily  discontinued  daring  1900,  but  mc 
ments  were  resumed  in  1901. 

JH9eharge  meaturemenU  of  8aU  River  at  MeDowtUy  Ariz. 


January  11 do 

JanuarylO do 

JanuarySS I do 

Januarys? do 

February  1 do 

Febmary  8 do 

I 
February  16 do 

February22 do 

March  1 do 

MarchS W.  RichinB. 

March  15 , do 

March22 do 

March  20 do 

March29 ..     .do 

April  1 ; <lo 

April  5 - I do 

April  8 - --' do 

April  10 ' do 

April  15 do 

April  19.. I do 

July  14 .!  F.  P.  Trott 

Jnly  19 i do  .. 

December  24 _ \  W.  Riehins 
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Daily  gage  height^  in  feet,  of  Salt  River  at  McDowell,  Ariz. ,  for  1902, 


Day. 

j«.. 

Feb. 

Mar. 

Apr. 

Day. 

Jan. 

0.82 
.82 
.81 
.83 
.83 
.83 
.83 

.as 

.85 
1.02 
1.08 
l.(B 

.98 
1.06 
1.03 

Feb. 

0.91 
.90 
.90 
.89 
.89 
.89 
.89 
.89 
.90 
.93 
.93 
.96 

Mar.  j  Apr. 

I 

0.79 
.79 
.79 
.83 
.82 
.81 
.83 
.81 
.80 
.81 
.78 
.77 
.81 
.81 
.81 
.81 

0.99 
.97 
.94 
.91 
.90 
.92 
.93 
.92 
.92 
.91 
.90 
.90 
.90 
.90 
.90 
.91 

0.96 
.96 
.94 
.98 
92 
.92 
.92 
.91 
.89 
.91 
.88 
.87 
.87 
.87 
.87 
.88 

0.91 

.91 

.91 

.98 

.99 

1.08 

1.07 

1.14 

1.28 

1.37 

1.40 

1.40 

1.35 

1.30 

1.24 

1.21 

17 

(».88  '   1.19 

I       

13 

88  '   1  14 

1 

19 

.85    1  12 

4 

20 

.86  1 

I 

21 

.861  .  . 

i 

22 

.85  ! 

23 

.89  i 

% 

'  34. 

.92 

$ 

'  25 

l.CM 

M. 

26 

1.01  ! .  

U. 

27 

;  28 

1 

1.00  ' 

11. 

.99! 

0 

1  29 

.96!  ■"...: 

M.... 

1  30   . 

1 
93  ' 

B..... 

31 

.90  1 

]( 

1 

Estimated  monthly  discharge  of  Salt  River  at  McDowell,  Ariz, 
[Drainagre  area,  6,260  square  miles.] 


Month. 


1902. 

January 

February  ... 

March 

April  1  to  19_ 


Discharge  in  second-feet. 


ICaximiun. 


250 
231 
250 


Ifinimum. 


137 
193 
174 


Mean. 


176 

198 
197 

287 


Total  in 
acre-feet. 


10,816 
11,020 
12,131 
10,816 


Rnn-off. 


Sc»cond-feet!j3  ^j^. 


0.028 
.032 
.031 
.046 


0.032 
.033 
.036 
.032 


SALT  RIVER  AT  RESERVOIR  SITE,  NEAR  LIVINGSTONE,  ARIZ. 

The  Station,  established  February  7,  1001,  by  II.  G.  Ileisler,  is 
15  miles  west  of  Livingstone,  Ariz.  The  rod  is  on  the  left  bank  of 
the  river  at  the  upper  end  of  tlu*  ^orge.  Gagings  are  made  from  a 
traveling  car  suspended  from  a  cable. 


? 


fiTRKAM    MEABimEMENTB    IN    iWl^  PART   IV. 


[m 


pimiharge  nttOMurmimiU  <>/  Salt  River  at  n^mrvoir  ttii^  imsoj*  Living»tvfnt,  A 


I* 


B«te. 


Hydrognkphcir. 


I>i»:1iA 


to 


■  -••*'##  •»--i 


^  1903. 

tTannary  4  . . 

January  8 

January  U,.,.. 
Janijary  14 
January  17 
Janoai  y  20 . 

Jannaty  24 .    

January  27 
January  31 . 
F*^bmary  4 . 

February  7       , ,  - , - . 

February  11, .^^^_ 

Feliriiary  14 .,_ 

Febmary  18.  ^,-... 

February  31 , ..-..., 

February  25-*_,..-_* 

February  36.-..^-.,^ 

March  4. ,. ..... 

March  7., ..., 

March  M_ .. 

March  14-. __. , 

March  1» .__.-. 

March  t*l_.._.. 

March  25.,,^. 

March  28 -.-,.^ --.- 

April  4-^ ,«.«•. ...««<.^^ »-  ^ 

April  7-. «.„„—.,...... 

A^ia._.,. ...... 

April  14- ....-._-.. 

April  la..,--..-,.,-...^... 

April  21, .._.„. .„.,„:_. 

April  35 _„^, _^,,,,  ,^,,^,, 

April  30..  J,. ,. *.... 

Mays,.. _ 

Mftf8„... .. ... 

M^ia 

May  15.  _..,«  ^..^vr*****-*  •-• 

May  19,,... 

May^ ...._ 


W.  Richins....« 
ao  ........ 

an......... 

do 

„,..do .-..,.-, 

do .... 

do .,-. 

Osbnm  Ricbius. 

do  .....,,,, 


^ ^do , 

do. 

...-do. 

.....do. 

__  _do, 

do. 

do  , 

.-...do- 
.....do  . 
.....do  . 

do. 

,...,do, 

do  , 

....,do  . 
....,do  . 
..  .-do. 
...,,do, 
.  .  -do. 
.,,,.do, 
.  -  -do 
.....do. 
.....do 

do. 

.....do. 
...  -do 
.....do. 
.,...ao. 
do. 


'■'«•%«'  *-T 


7,00 
6.08 
7.08 
7.01 
7.03 
7.  Of 
7.1^ 
7.  IS 
7,09 
7.10 
7.00 
7.10 
7.0» 
7.00 
7.10 
7.19 
7.18 
7.0fi 
7,13 
7,09 
«*90 

7,  SO 

7.17 
7.24 
7,80 
7,51 
7,41 
7.30 
7.23 
7.10 
0,98 
0,89 
0.90 
6,80 
6.80 
7.47 
6,93 


SiCiimf 
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^^1  UUiarge  meanaremeni 


ts  of  Salt  ^iver  at  reservoir  site  near  Livingstone^  Ariz,- 
Ck)ntmned. 


D;to. 


"■j-v  I 


1902. 


Hydrograi>her. 


Osbnm  Richins  . 
do 


Jned _ do 

/me  10 1 do 

Jane  14 do 

toe  26 do 

Jiiiie39 do 

Jiiiie90 do 

July* do 

JnlylS do 

July  18 do  . 

jTily28 do 

JnlySl do 

Aiigiist4 do 

Augusts do 

AngQstO do 

August  11 do 

August  18 do 

August  24 do 

September  1 .do 

Septembers do 

September  11 do 

September  18 do 

September  19 .do 

September  20 -do 

OctoberO i ...do 

October  13 do 

October  27 | do 

November  7. .  ' do 

November  18 ; do 

November  20 ' do 


November  23. 
December2  .. 
December  18  . 
December  14 . 
December  29  . 


-do 
-do 
-do 
-do 
.do 


Oacre 
lelght. 


heigl 


Diflcharge. 


Feet. 

Second-feet. 

7.29 

256 

7.09 

189 

6.89 

148 

6.71 

98 

6.64 

91 

6.4« 

91 

6.45 

86 

6.58 

.70 

6.41 

80 

6.35 

69 

6.84 

150 

6.65 

106 

6.40 

79 

7.04 

90 

7.59 

373 

7.85 

657 

8.96 

2,401 

7.00 

187 

7.84 

541 

6.91 

125 

8.05 

798 

7.10 

212 

7.00 

178 

8.65 

2,045 

9.30 

3,943 

6.81 

149 

6.80 

147 

6.80 

139 

6.81 

145 

7.55 

478 

6.92 

188 

7.23 

344 

6.90 

191 

8.10 

774 

9.00 

2,477 

7.21 

317 

28 
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Daily  gag^  hrigM,  infeet^  of  Salt  Mivm^at  the  rattrrvuir  Me  n^ttr  Idvingtiimm 


I 


DiLy, 


a. 

4, 

e, 

T. 

«. 

n 

!«„.-., 

a, 

iL 

u. 

»..-.. 

tf. 

ffi. 

ML 

at-.,.-, 

HL 

m 

m - 

m. 

31 


JTiui. 


«.«8 

7.01 

i.oe 
J  An 

7,01 
7.1»1 
7.  (XI 
7.CIJ 
R.9U 

7.m 
7,oa 

7.04 
7.01 
7.08 
7.01 
7.01 
7.*lfi 
T.*« 

-.(« 
7.fl« 
7Jfi 
7.«l 
7.80 
7.1» 
T.ISI 
7-U 
7.U 

7.ta 


PpIi. 


7,l» 

7,lJB 
"HI 
7AV 
7.1(1 
7.10 
7,11 
7.11 
lAX 
7,11 
7.11 
TJ1  I 

rji 
7AX ; 

riri , 

7. 10  i 

t.lOr 


\m 


{ 

7.10  ! 

7.UJ 
7,IH 
TJO 
7Ak 
7.0) 

7.au 

7.1* 


7.19 
7.  II 

7.16 

7.ia 

fAH 

j.m 
7.  in 

7.m 

7.13 
7.11 
7.05 

ni 

7.n 

7.m 
7,m 
7.i; 

7.  HI 

o,«s 

e.in 
n.w 

7.00 
7,17 

7.a} 
T.a> 
7,  iw 
7.15 
7.  IK 
7AB 
T.Xl 


Apr. 


7.12 
7.1i 
7,19 
7.34 
7.144 
7.S» 

7.  as 
7.  a 
7.61 
7.51 
7.fi> 
7,i7 
7.47 
7.30 

7. as 
t.ai 
7.:n 
T.ao 

7.JJS 

r.m 

7  lit 

•in 

7.1tt 

7.  IB 
7.CW 
B.t»T 


May.  Jfnne. 


6.^ 
ii.4« 
6.ft5 

lim 
a»7 

6J<3 

a.«Ji 

ft,  HI 
ft.  NO 

a.§ri 

A.  HI 

7.80 
7JMI 
fl.WT 

ft,«i 

7,m 

7.111 

7,  as 

7.8H 

7.  a* 

7.li* 
M4 


Jiay. 


7.  in 
T.es 

Q.tHii 

ii»i 

0.S7 
fkJS 
5.WJ 

o.«j 
e.n 
e.on 

an4 

O.ftO 
A.M 

lis* 

B.5) 
IV  4tt 
iKilt 
ft.iti 
04<j 
ft,4f* 

fl.l4 


e.44 

(t.43 

•|a4£ 
Unit 

ft.  40 
I  i).40 

I  ft.sm 

I1.8S 

ft.ie 


Anjr. 


aw 

7,23 
ft.  #3 
l^.4H 

a.  en 

7.SH 
7.M 

7,4:1  I  7,10 


fi.HS 
fi.HO 

7.ao 


aK  ,  7.W 

» iw  1 7-m 

0.W 


7.11)  1 


ft  ai 

5.»1 
3.41  I 
ft.4A 
ft  7S 
ft.tiU 

fkm 

ft.A0 

fi.  irr 
fkTU 

n.cH 

0.  rjrt 
a  40 


30   aw< 


7.3? 
TJ7 

7.rii 
ft.M 

an 

7.ri 
7,  mi 

7.^ 
7,«7 
7/[l 

7.0: 
a.  117 


7.14 

7.11* 
7M 
7.00 
7,7li 
».fiO 

^.¥^ 
O.SS 
IMH 
U.mi 
«.7B 

7.  in 
T,:«i 
7JS 


Ckit. 


HewJDiiO., 


7.04 
7,00 

am 

ft.  HA 

am 

A.ta 
a»i 
am 
am 
aflo 
a  80 
aM) 

fl.flO  I 

a7H  I 

att* 
a  ill 
aw 

A.  Ml 

am 
am 
a«9i) 
aw 
aj^» 
aw 
am 
a  so 
am 
a«tL 


A.ai  I 
asi  I 
ai^ 
am  I 
a«i 
a  SI 
a  Ml 
am 

a^ 
a«i 

i:m 

i.m 

7ja 

r.uo 

7.od| 

a  OH 

aw 

ae 

a«, 

7.mi 

7m\ 
7,1s  I 

7.  in  I 

7.  re 

ft.flHl  I 

avH 
auT] 
atM 


ii,tt 

dM 
«,« 
a« 

ai9 

tm 
i« 

m 

K4l 
T,» 

rst 

l.w 
7  as 

T.# 
7*1 
7.W 

:,« 
ra) 
7.» 
7.a 


Rating  table  for  Salt  River  at  reservoir  site  near  Livingstone,  Ariz,  y  for  190^' 


Gage 
height. 

Discharge. 

heigil 

Dischage. 

hei^t 

Discharge. 

heigl^t. 

Diacharg-^ 

Feet. 

Second-feet. 

Feet. 

Second- feet. 

Feet. 

Second-feet. 

Feet. 

Second-fee-  ^ 

6.2 

33 

7.1 

204 

8.0 

765 

8.9 

2,675 

6.3 

45 

7.2 

236 

8.1 

915 

9.0 

2,925 

6.4 

58 

7.3 

272 

8.2 

1,090 

9.1 

3,175 

6.5 

72 

7.4 

310 

8.3 

1,290 

9.2 

3,425 

6.6 

88 

7.5 

350 

8.4 

1,500 

9.3 

3,675 

6.7 

106 

7.6 

400 

8.5 

1,715 

9.4 

3,925 

6.8 

126 

7.7 

462 

8.6 

1,940 

9.5 

4,175 

6.9 
7.0 

150 
176 

7.8 
7.9 

540 
640 

8.7 
8.8 

2,175 
2,425 
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[  EdiwkaUd  monthly  dUcharge  of  Salt  River  at  reservoir  site  near  Livingstone^ 

Ariz, 

[Drainage  area,  5J56  squaro  milott.] 


Month. 


1902. 

Jnoary 

Fehnuuy  . . . 

Mwch 

ipril 

% 

/ime 

/ttly 

August 

September  . 

October 

November. . 
I>ecember . . . 


The  year . 


Diflcharge  in  Hecond-feet. 


Maximum. 


236 

236 

236 

350 

272 

204 

163 

4,675 

4,425 

190 

431 

2,800 


4,675 


Minimum. 


176 

204 

97 

16:^ 

72 

65 

45 

52 

138 

126 

126 

150 


Mean. 


189 
207 
201 
268 
167 
106 
78 
478 
1,057 
131 
189 
441 


45 


293 


Total  in 
acre-feet. 


11,621 

11,496 

12,359 

15,947 

10,268 

6,307 

4,796 

29,391 

62, 896 

8, 055 

11.246 

27,116 


211,498 


Run-off. 


ScH'ond-foet 

per  Miuare 

mile. 


0.  (KW 
.036 

.0:i5 
.047 
.029 
.018 
.014 
.  083 
.184 
.023 
.  033 
.077 


.051 


Depth  in 
inches. 


0.038 
.037 
.040 
.052 
.033 
.020 
.016 
.096 
.205 
.027 
.037 
.089 


.690 


TONTO  CREEK  NEAR  LIVINCiSTONE,  ARIZ. 

The  station,  established  April  1,  1001,  by  II.  G.  Ileisler,  is  15  miles 
▼est  of  Livingstone,  Ariz.  It  is  about  half  a  mile  above  the  mouth. 
The  gage  is  a  vertical  rod  nailed  to  a  cliff  of  cemented  gravel  on  the 
left  bank. 
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Discharge  niedsurenwiiH  of  Tonto  Creek  near  Liviiifjstone,  Ariz, 


Date. 


Hydrogrrapher. 


h^     ^^''^ 


1902. 


January  4 

January  17 

January  24 

January  27_ - 

February  4 

February  7 

February  11 

February  14 

February  18 

February  21 

February  25 

February  28.. 

March  4 

March? 

Marchll 

March  14 

March  19 : 

March  21 

March  28-. 

April  4 I .     .  do 

April  7   -  -       -  -     I   -   . .  do 

April  14  do 

April  25 do 

...do 
...do 
...do 


W.  RichinH 

...do  

...-do 

....do 

O.  Richins  . 

...do  

....do 

....do 

....do 

...do 

...do 

do 

..do 

...do  

..    -do  

do 

...do  

.   .do  .   ... 
do  .... 


May  5 .. 

May  19 

August  6  

August  8 1 do 

August  11 do 

August  24. _.  .   ..do 

Septeml)er  5 do 

September  19 .do 

November  18 .  _ .  .do 

November  21 ..   .do 

November  23 . . .   ' do 

December  18 .     .do 

December  14 ...do 

Deceinl'jer  29 do 


Feet. 

2.90 

2.90  i 

2.90  I 

2.95 

2. 95 

2.95 

2.95 

2. 95 

2. 95 

2. 95 

2. 93 

2. 95 

2.94 

2.94 

2.95 

2.91 

2.92 

2.90 

2.91 

2.91 

2.91 

2.91 

2.91 

2.91 

4.()r) 

8.  TO 

8.  50 

4.  00 

•1.85 

3.51 

4.70 

8. 90 

4.S2 

8.78 

4.90 

5.80 

8.  20 
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Daily  gage  height,  in  feet,  of  Tonto  Creek  near  Livingstone,  Ariz, 


D*r. 


a.. 


I  I        I  , 

Jmn.  Feb.  Mkt.  Apr.  MftrJJime.  JTiJy,  Aq«.  B^ikt.j  (>et.   Not.  |  Dec. 


£,01 

2111) 

IHO 

i.w 
&w 

£:flO 

£.»} 
f.W 
£.90 

£.fl) 

».«) 

£.fM) 

£,w 

£.IH) 
2M 
£.«5 

ao) 
aim 


£.96 
£.% 

£.Hfi 

£.U6 
2.196 

£.9a 

£,SG 


3.»& 
S^M  ! 

&« ! 

£lM  I 
£.»  I 

t£.m  . 

S.BG  ; 

£.efi| 
«,a5' 

±U 
I^M 

£.90 
2.90 

;i.flo 

£.110 
£.98 
£.01 

IBI 
£.91 
£91 
£.91 


£.01 
£,fil 
£.01 

191 
tM 
£.01 
£.91 

£.91 
£,01 
£.01 
£.01 
£.91 
191 
101 
101 
£.01 
£.91 
10] 
101 
101 
£.01 
£.01 
101 
£.01 
£.01 
£.01 
101 
101 
£.01 
101 


S.91 

l&l  , 

£.01 

a.91 

101 

101 

^01 

£.01 

3.01 

s.ni 

«.0l 

-^^ 
K.01  ■ 
2,B1  ; 
£.01  > 
2.0L 
a.  01  ; 

3.01  ; 
».Hi ; 
lOH : 
in& 
a.(K 

£.9() 

£.9n  : 

£.9D  ' 

lou 

lOil 
£.90 
lOil 
!!.UIJ 
£.90 


K.00 

lOf^ 

£.orj 

£.90 

1») 

£.00 
£.90 
190 
190 
IV) 
i£.gO 
190 
19tJ 
190 
100 
1»1 
UNI 
191^ 
f.OO 
lOi^ 
190 
£.00 
100 
£,0I» 
£^fl0 
1«> 


ion 

£.»n 
f.m 
2.m 

190 
100 

lOA 
£.00 
£.0i» 
100 
100 
100 
11*1 

10i» 
£.00 
IBO 
IPO 

t.m 

£.QU 

£.yi) 

190 


ia»  100 


190 
190 
190 
190 


I 


100 
100 

xu 

:iOi» 

4.3&«  ' 

i.in  ' 

4.80 : 

IW)  ^ 

4.9^1 
4.'hH 
;i.Tfi 

xa* : 
3.<n  I 
i^ift  I 
iflft  ' 

IIV) 
190 
£.90 
100 
190 
4. 10 
3.90 
3.  OH 

a,  an 

3.10 
100 
104 
101 


x.9r»  J 
ior» 

100 
190 
190 
100 
£.04 
lOci 
190 
100 
3.1« 


195 


I 

loei ! 

100  ' 

:i  10  I 
111) 

4.W 

.V 10  , 

i.riS  i 
^.oi» ! 

3.^  ' 

3.10  I 
10&  I 

iflB ; 

19[}  '• 

I 


190 
190 
190 
£.90 
19l> 
£.00 
100 

lOT) 

iur» 

100 
£.90 
£.90 
191) 
£.H0 
190 
190 
:!  W) 

lot) 

190 
190 
190 
100 
190 
190 
190 
190 
190 
lOil 
£.90 
100 


100 

ior> 

£,Olh 
191^ 
190 

3!.0ii 
IWI 
19IJ 
lliJ 
190 
3.31 
3. 57  : 

^.sm  I 

3.10 

3.<rT 
1^ 

IM 
1Q£ 
IMS 
4.70 
4.gH 
3.68 

a4» 
a44 

».3(» 
a£9 

a£f 

3.1Q 


3L10 
3110 
3.10 

3.05 
3.00 
19S 
19B 

loe 

193 
19» 

fi.BO 
4.llfi 

4.10 
9.90 

n^m 

4.  £5 
4.10 
3.78 

!L35 
».9^ 
3l£4 

3.18 
3.19 
a  3D 
Jt.lO 
SLUO 
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Estimated  monthly  diHcharge  of  Tonto  Creek  near  Litnngstone^  Ariz. 
[Drainage  area,  l,()ao  Hqtiare  milets.] 


DiM'harge  in  necond-fc^t. 


Month. 


1902. 

January 8. 0 

February  . .   4. 0 

March  , 2. 8 

April 2.6 

May IIO.O 

June 2.4 

July I  1,708.0 

August I  1,158.0 

September |  1,808.0 

October \  2.4 

November 1 ,  008. 0 

December, 1,408.0 


Maximum. 


Minimum. 


2.7 
2.5 
2.8 
2.6 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.4 
2.0 


Mean. 


Totalln 
acre-feet. 


Second-feet 

per  square 

mue. 


8.3 
3.0 
2.6 
2.6 
6.3 
2.4 

42.2  ; 

148.7  I 

188.8  I 
2.4  1 

98.8  ' 

188.4 


300 

168 

159 

152 

387 

146 

2,597 

8,887 

8,258 

151 

5,588 

11,582 


Rtm-off. 


0.003 
.003 
.002 
.002 
.006 
.002 
.041  I 
.  139  I 
.134  I 
.002  I 
.091  1 
.  182 


De^ 


The  year . 


1,708.0 


2.8 


88, 220 


.  051 


NoTK.— Tb(»  diiily  diH<.'hiirgo.s  wtTo  obtuinod  l>y  iiit*'nx)lati(»n  fnuii  tho  niecisurements. 
(ilLA    KIVKK   AT    SAN    CARLOS,    ARIZ. 

The  ^iMKM-al  charcic^tcn-  of  llic  country  tliroii^h  wliich  (Tila  li 
flows  is  ri  lii^li  and  rolling  plateau,  witli  tlic  river  flowing  tlircKi: 
in  a  (liM'p  canyon,  and  with  ])raclically  no  agricultural  lands  wi 
its  area.  The  riv(M-  emerges  from  its  upper  canyon  al)Out  lo  i 
before  it  rc^aelies  tlie  .Vrizona  line,  and  thence  flows  through  a  Vi 
of  considerable  width,  known  as  Duncan  A'allcy,  until  just  l)ef( 
receives  tin*  waters  of  San  Francisco  River.  Duncan  A^alley  in  w 
anumbcM'or  ditches  divert  water  for  irrigation  i)nrp()ses  was  desci 
at  length  in  the  Twenty-lirst  Annual  Kcpoi't. 

Gila  Kiver  is  in  canyon  for  al)out  l^O  niih^s  below  the  mouth  ol 
San  Francisco,  or  to  within  10  miles  of  Solomonsville.  At  this  | 
the  hills  separat(%  forming  a  large  valley  which  has  Ixmmi  ext<Misi 
settled  and  is  now  one  of  the  finest  ii-rigated  i)oi'tions  of  the  T 
tory.  This  valley  (extends  from  a  i)oint  10  miles  above  Solomons 
to  0  miles  ])elow  the  mouth  of  San  Carlos  l^ivei-  on  the  White  M 
tain  Indian  Reservation.  At  this  lattei*  i)lace  the  mountains 
denly  close  in  again  and  tlu^  river  enters  anothei-  canyon.  S 
miles  below  the  Indian  agency  at  San  Cai'los  the  canyon  boxes 
width  of  100  feet,  and  at  this  i)oiut  is  located  the  San  Carlos  dam 
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fWch  was  studied  by  the  United  States  Geological  Sui^'e}'  during 
W,  in  connection  with  the  investigation  of  the  water  supply  of 
Gila  River.  The  results  of  this  investigation  are  published  in 
Witer-Supply  and  Irrigation  Pai)er  No.  33,  entitled  Storage  of  Water 
OB  Gib  River,  Arizona,  by  J.  B.  Lippincott.  In  connection  with  this 
iBvestigation  Cyrus  C.  Babb,  on  July  11,  1899,  established  a  station 
on  Gila  River  one-half  mile  south  of  the  Indian  agency  at  San  Carlos 
lod  below  the  mouth  of  San  Carlos  Creek.  An  inclined  rod  securel}^ 
bstened  to  posts  driven  into  the  bank  was  erected  here.  The  bench 
■irk  is  a  20-penny  nail  in  the  base  of  a  mesquite  tree  5  inches  in 
diameter,  85  feet  west  of  the  gage  rod,  at  an  elevation  of  12.«»7  feet 
above  gage  datum.  Discharge  measurements  are  made  from  a  cable 
and  ear  a  short  distance  above  the  gage  rod.  The  <*hanriel  is  straight 
for  some  distance  above  and  below  the  station,  and  the  water  is  com- 
paratively swift.  The  right  bank  is  high,  but  the  left  is  low  and  liable 
to  overflow.     The  bed  of  the  stream  is  sandy  ami  shifting. 

JHwharge  meoinirenientH  of  Oila  Rirer  at  San  Carlos,  Ariz, 


Date. 


1903. 

Jannaiy  21 

January  31 

Fehmary  2H 

March  31 

Do 

April  30 

Do 

August? 

Augagtl5 

August  22 

August  26 

September  1 

September  9 

September  21  _ . ! 
September  26... 

October  15 

November  15 

I>ecemberl4-_. 
December  21  _.. 
l^ecemberSl  _.. 


Hydr«>ifrai»ht»r. 


^!iX.      IM-'l^'-'fe. 


Stephen  JanuH 
do... 


.do  . 
.do. 
.do. 
-do- 
-do. 
.do. 
-do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do 


Ffet. 

Stcimd-fc€t. 

1.90 

60 

1.90 

61 

1.70 

27 

(") 

9 

i") 

9 

CO 

5 

{^) 

9 

3.50 

454 

3.20 

738 

2.50 

447 

3.40 

3,118 

2.20 

375 

1.70 

70 

2.30 

4:n 

1.20 

62 

CO 

6 

CO 

12 

3. 40 

2.485 

2.00 

1.315 

2.  20 

305 

IRR  85— 0:3- 


"  No  water  at  sragn. 
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Daily  gage  height,  in  feet,  of  Oila  Nivfer  at  San  Carlos,  Ariz, 


[no 


1. 

2. 
3. 
4. 

6. 
6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15- 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
31). 
31. 


Day. 


1902. 


Jan.    I    Feb.       Mar.      July. 


I 


I 


2  AH) 
2.00 
2.{K) 
3.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

2.  a) 

2.00 
2.  (XI 
2.00 
2.00 
2.00 
2.00 
2.00 
2.03 
l.«^ 
1.90 
1.90 
l.W 
1.90 
1.90 
1.90 
1.90 
\.<M) 
\.\*) 
1.9:) 
l.JH) 


1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90 
1.90  I 
1.90  j 
1.90 
1.88  I 
1.85  I 
1.85  ! 
1.83  j 
1.80  j 
1.80  j 
1.80  ' 
1.80  I 
1.80  i 
1.75  ' 

1.70  i 

1.70 
1.70 
1.70  ' 


1.70 
1.70 
1.70 
1.70 
1.70 
1.60 
1.60 
1.60 
1.60 

i.m 

1.50 
1.50 
1.50 
1.45 
1.46 
1.45 
1.40 
1.40 
1.40 
1.40 


'I" 


2.85 
l.ffS 
1.70 
1.40 
1.45 


uigr. 

Sept.      D 

l.w 

2.2f)     ._ 

1.50 

2. a)   .... 

1.50 

2.10   ... 

1.50 

2.10   .... 

1.50 

2.00    ... 

1.50 

2.00    .... 

2.45 

1.90   .... 

i.a5 

1.80     .. 

i.m 

1.70   .  . 

2.10 

1.70    ... 

2.20 

1.71)    ... 

2.10 

1.70    ... 

3.35 

l.flO   ... 

3.30 

l.Of) 

3.10 

1.60 

2.25 

1.60 

2.40 

i.err 

2.40 

1.60  1 

2.  a-) 

1.60 

1.85 

1.60 

1.65 

2. 15 

1.50 

1.45 

1.50 

1.:*) 

3.45 

1.39 

8.a5 

1.20  1 

3.60 

1.211 

2.  HO 

1.10 

2.9() 

3. 2;-> 

1 

2.V*) 

L».  :«> 

NoTK.     No  wuU^r  at  jja^o  Mar.  '£i  to  July  21,  July  27  t(»  :n.  <  )(t.  1  to  !)<'(•.  11. 

Ratiiuj  table  for  diJa  Hirer  of  San  Corfns.  Ariz.,  for  ItrnJ. 
JANUARY  1  to  JULY  '.\\. 


Gaj?o 
heij^iit. 


Dis..harKo./,f!iX.   :D-->'«^«-I    ^^ir. 


l)iM<']iurvr»'. 


Fvvt.  Second- ffct. 

1.4  I  H 

1.5  1. 
1.0  18 


1.7 
1.8 
1.0     - 


20 

40 
70 


Fcf't.  Srrnnl-frrt. 

2.0  '  115  I 

2.1  '  190  ' 

2.2  I  2.S.-)  ' 

2.:5  1  ;m*) 

2.4  I  r,!.-,  i 

2.5  040  ' 


Frt't 

2.< 


TSO 

2. :  I           055 

2.S  I        l,l:jO 

2.0  l.:{20 

:\A)  1.540 

111  1.775 


hoi^'ht. 


Fnl. 

:12 

;j.4 
:j.5 


Disi'haiX' 

2.010 
2,245 
2,  4H0 
2,715 
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Rating  table  for  Oila  River  at  San  Carlos,  Ariz,,  for  y.W:?— Continned. 
AUGUST  1  TO  DECEMBER  81. 


Gaffe 
height. 

Discharge. 

Gasre 
height. 

Discharge. 

heiSL\. 

Discharge. 
Sectmd-fert. 

'       i             1 

1  Feet.    iSetsond-feetl 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

j    1.0    1             3    1 

1.7 

75 

2.4 

520 

3.1 

1,775 

1.1    1             6    [ 

1.8 

108 

2.5 

640 

3.2 

2,010 

1.2 

11 

1.9 

150 

2.6 

780 

3.3 

2,245 

U 

17 

2.0 

200 

2.7 

955 

3.4 

2,480 

1.4 

25 

2.1 

260 

2.8 

1,130 

3.5 

2,715 

1.5 

35 

2.2 

334 

2.9 

1,320 

3.6 

2,950 

1.6 

50 

2.3 

420 

3.0 

1.540 

_^ 

! 

Estimated  monthly  discharge  of  Oila  River  at  San  Carlos,  Ariz. 
[Drainage  area,  13,4fi6  square  miles.] 


Discharge  in  second-feet. 

TotaWn 
acre-teet. 

Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

Second-feet 

per  square 

mUe. 

Depth  In 
inches. 

1902. 
January ..- 

152 
70 

70 
26 

99.51 

55.43 

«15.60 

(«) 

(«) 

(«) 

all8.50 

792.00 

al08.70 

(«) 

(«) 

6,118.6 

3,078.4 

625.5 

0.0074 
.0041 

0.0085 

PebmftTy 

.004,^ 

March  1-20 

.0011        .00082 

April 

May 

June 

Jnly22-26 

'"*■" ■ " — 

1,308.5 

48,698.0 

5,821.3 

.0089  1       .0017 

August               

8,067 

3 

.0588         .0670 

September  1-27.   ... 

.0080  !       .0080 

October 

• 

November      

1 

I>ecember  14-31 

«961.00 

34,286.1 

.0714            0480 

1 

oFor  these  portions  of  the  year  there  was  no  water  at  the  gage. 
ANIMAS  RIVER  AT  DURANGO,  COLO. 

The  stiitioQ  was  first  established  June  20,  1895,  and  has  been  main- 
tained during  the  greater  part  of  each  year  since. 

The  original  gage  was  located  at  the  old  wagon  bridge  one-quarter 
of  a  mile  west  of  the  railroad  station  at  Durango,  and  about  200  feet 
above  the  Rio  Grande  Southern  Railroad  bridge.  It  was  spiked  to  the 
^estsideof  the  south  end  of  the  middle  pier  of  the  wagon  bridge. 
The  head  of  a  bolt  at  the  east  abutment  of  the  railroad  bridge  is  17.24 
^^t  above  gage  datum.     During  the  early  part  of  1891)  the  old  wagon 
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[« 


bridge  was  removed  and  a  new  one  erected  a  short  distance  be! 
April  ly  1899,  on  the  central  pier  of  this  bridge  a  new  rod,  which 
vertical  piece  of  timber  graduated  to  feet  and  tenths,  was  fastei 
The  bench  marks  are  three  horizontal  strips,  opposite  the  10-, 
and  16.7-foot  marks  of  the  rod,  respectively.  Owing  to  this  cha 
in  location  and  height  of  the  rod  there  is  no  apparent  relation  hetvi 
the  rating  tables  before  1899  and  the  rating  table  for  1899  and  af 
On  June  25, 1900,  the  gage  was  referred  to  a  new  bench  mark— a  p 
chiseled  on  the  lower  side  of  the  left-hand  abntment  of  the  bri 
16,84  feet  above  the  zero  of  the  rod.  Lightner  Creek  enters  the  r! 
from  ihe  right  about  100  feet  below  the  bridge.  The  channel  at 
station  is  straight,  the  bed  is  of  gravel  and  bowlders,  and  the  ba 
are  sufficiently  high  that  there  is  little  danger  of  overflow, 
observer  is  C.  G.  Graden,  of  Durango. 

The  following  discharge  measurements  were  made  during  190i 
A.  L.  Fellows: 

March  80:  Gage  height  6.15  feet;  dieoharge,  148  eeoond-feet 
July  12:  Gage  height  6.72  feet;  diaoharge,  802  eeoond-feet 


Daiip  gage  height,  in  feet,  of  Anitnae  Biver  at  Durango^  Colo. 


D»y. 

Apr. 

1 

1908. 

6.10 

8 

6.10 

8 

6.10 

4 

6.2U 

6 

6.40 

6 

6.60 

7 

6.60 

8 

6.60 

9 

6.70 

10 

6.90 

11 

6.90 

18 

• 

7.00 

18 

6.90 

14 

6.90 

15 

6.80 

16 .   . 

6.80 

17 ' 

7.10 

18 

7.00 

19 

7.20 

80 

7.60 

21 

7.50 

2S 

7.40 

28 

7.60 

24   ..  . 

7.00 

26 

7.00 

2ft 

6.90 

27 

7.10 

2K 

7.80 

20 

7.70 

80 

8.80 

31 

/ 

ifcy. 


June. 


9.10 

8.80 

8.00 

9.20 

K.90 

8.80 

8.60 

8.90 

8.80 

8.60 

8.50 

8.50 

8.40 

8.40 

8.00 

7.90 

7.90  I 

7.80  : 

7.70  ! 

7.50  j 

7..30 

7.80  I 

7.21) 

7.20 

7.10 

7.10 

7.1J0 

7.00 

6.90 

6.90 


July. 


6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.80 
6.P0 
6.80 
6.80 
6.70 
6.70 
6.70 
G.QO 
6.60 
6.60 
G.OO 
6.60 
6.60 
6..T0 
6.60 
6.50 
6.50 
0.40 
6.40 
6.40 
6.40 
6.40 
6.4(» 
6.40 
6.40 


Aug. 


t       7^ 


6.40 
6.40 
6.40 
6.30 
6.30 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.20 
6.30 
6.40 
6.40 
6.80 
6.30 
6.30 
6.30 
6.30 
6.30 
6.30 
6.40 
6.90 
7.50 
7.60 
7.40 
7.20 
10 
7.00 
6.80 


Sspt. 


6.80 
6.80 
6.70 
6.70 
6.60 
650 
6.60 
6.60 
6.50 
6.50 
6.50 
6.60 
6.60 
6.60 
6.50 
6.60 
6.40 
6.30 
6.40 
6.40 
7.00 
6.90 
6.70 
7.00 
7.00 
7.00 
7.00 
6.80 
6.90 
6.90 


Oct      J 


6.90 


7.00 
6.90 
7.00  I 
6.00 

6.50    '; 

6.40 
6.50  I 
6.50  ' 
6.7«) 
6.50 
6.50 
6.50  ' 
6.40  ' 
6.40 
6.60 
6.50 
6.60 
6.60 
6.50 
6.60  j 
6.60  : 
6.50 
6.60  I 
6.60 
6.50  I 
6.60 
6.60  I 
6.50  i 
6.50 
6.50  I 


Isvul] 
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Rating  table  for  Animas  River  at  Durango,  Colo.,  for  J9f)J 


\^ 

Oage 
height. 

■ 
Discharge. 

Oage 
height. 

Discharge. 

Gage 
height. 

1 
Discharge*,  i 

! 
het. 

Second-feet] 

Feet 

Second-feet. 

Feet. 

Second-feet. 

Feet, 

Sectmd-feet . 

1   5.6 

50    1 

6.4 

206 

7.2 

540 

8.0 

1,076 

1   5.7 

63    1 

6.5 

232 

7.3 

597 

8.2 

1,244 

1   5.8 

80 

6.6 

263 

7.4 

655    ; 

8.4 

1,427 

5.9 

100    ' 

6.7 

300 

7.5 

717 

8.6 

1,622 

1    «•« 

120    ! 

6.8 

342 

7.6 

782    ; 

8.8 

1,829 

6.1 

140    1 

6.9 

887 

7.7 

850    : 

9.0 

2,050 

6.2 

160    1 

7.0 

435 

7.8 

922 

9.2 

2, 300 

6.3 

182 

7.1 

486 

7.9 

997    , 

9.4 

2,590 

Estimated  tnonthiy  dincharge  of  Aniniiis  River  at  Daramjo,  Colo. 
[Drainage  area,  812  sqoaro  miles.] 


Run-off. 


Month. 


D-pth  in 
inrb«*H. 


FLORroA  RIVER  NflAR  DURANGO,    COLO. 

During  1899  work  was  being  done  on  a  largo  storage  project  near 

the  head  of  the  river,  and  on  this  account  a  gaging  station  was  estab- 

&hed  by  A.  L.  Fellows  May  19,  1899.     It  is  located  at  a  wagon  bridge 

ftt  Stewart's  ranch,  which  is  about  G^  miles  east  of  Durango  and  is 

'^Bached  by  driving.     The  gage  rod  consists  of  a  vertical  4-inch  strip 

''i  feet  long,  graduated  to  feet  and  tenths  and  spiked  to  the  east 

abutment  of  the  bridge.     The  bench  mark  was  established  April  15, 

lt)01,  and  consists  of  a  spike  in  an  8-inch  cottonwood  stump,  50  feet 

^*f)uth  from  and  5.86  feet  above  the  zero  of  the  rod.     Gagings  are  made 

^t  the  wagon  bridge,  except  at  low  water,  when  they  may  be  made  by 

Vrading.     Information  derived  at  this  i)oint  is  of  importance,  as  it  is 

desired  that  the  excess  water  of  this  stream  shall  be  made  available 

^y  means  of  storage  reservoirs  in  the  upper  part  of  this  drainage* 

l>a8in.     Much  valuable  land  can  be  irrigated  if  this  water  i»  properly 

conserved.     The  station  was  discontinued  during  1900.     The  observer 

ia  Mrs.  Annie  Stewart,  who  lives  near  by. 
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STREAM    MEASn 


The  faUowiii*t  (liweliHi  gi*  measiireioiint  was  made  in  1902  by  A.  L 
Fellows : 


J  111)*  IL  Gag^  hei|;Ul,  O.80  fiM>t;  dinch&rget  11  Heoond-feeK 

Drtiiif  gage  height,  in/mt^  of  Florida  Rhier  near  Duratiga,  Cokt^ 


4 


t^r* 


IWBk 


8,. 

la.. 

XT- 


ST.. 
SI.. 


Apr. 


0.00 

.jii 

.j^ 

.90 

.00 

I.(JU 

LIO 

Llfl 

LIA 

1  15 

hm 
hm 

tlm 
i.ih 
hm 
tao 
hm 
hm 
hm 
hm 

L45 
hSS 

hm 
lfi(1 

1.00 
£.(Vi 
8.4£ 


I0(r- 


^4D 

2.  in 

ISO 

%m 

hm 
i.M) 
i.n& 

1.^ 
hm 

i.w 

hm 
hm 

l.U 

i.ao 

1.06 

i.gt) 

1.85 
t.TB 


Jmua 


Lm» 

LIZj 

LIO 

hm 

M 

.85 
,75 
,W 
.7n 
,W 
.MO 
.afi 
.MO 
,7S 

.75 
.70 

.aa 

.75 

.m 
.m 


July. 


.«& 

,SMI 
.9U 
.!» 
,»S 
.7S 

.75 
.70 
,71* 
.70 

W 

,70 
.70 

.70 

.70 
.70 
.TO 

.75 
.70 

.m 

.75 
.70 


AQ0. 


0,70 

.aa 
,m 
.m 
«ou 
ou 

.A) 

.» 
.m 

.Ml 

.TO 
-TO 

.fin 

1.01) 
1.75 
1.45 
1.85 
I.  SO 
LIS 
!.(» 
LOO 


eepl.     fict 


a«5i 
.^ 

.HO 

.m 

.70  I 

.70, 

,70 

.TTJ  I 

.70  I 

.A&l 

.30', 

.so; 

JI5 
Mi 

hm\ 

LTD  I 
LTS' 
1.40  ^ 
LSS 
LIO 

Lon 
Loa 

1.00 


l« 
im 
m 
j.« 

1.01 

J 

,H) 
,«t 
,«U 
.in 

.v> 

M 
.9> 

.ft 
.» 

M 
M 
M 

J! 

,.* 
.0 
.4 


Rating  table  for  Florida  Rivter  near  Durango,  Colo,,  for  190g, 


Gage 
height. 

1 
Diflcharge.  | 

heiglft. 

Di8 

Feet. 
0.5 

1 
Second-feet. \ 

5 

Feet. 
1.4 

Sect 

.6 

7 

1.5 

.7 

9 

1.6 

.8 

11 

1.7 

.9 

15 

1.8 

1.0 

19 

1.9 

1.1 

24 

2.0 

1.2 

80 

2.1 

1.8 

37 

2.2 

56 
74 
98 
122 
146 
170 
196 


Gage 
height. 

Discharge. 

Feet. 

Sec*m.d-feet. 

2.3 

248 

2.4 

274 

2.5 

300 

2.6 

326 

2.7 

352 

2.8 

378 

2.9 

404 

8.0 

430 

3.1 

456 

Ga 
heif 


It. 


Feet. 
8.2 
3.8 
3.4 
3.5 
3.6 
3.7 


Dischax^e. 

Second-feet. 
482 
508 
534 
560 
.586 
612 


t.J 
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^H       Ettimated  monthly  discharge  of  Florida  River  near  Durango,  Colo. 
^H  [Drainage  aren,  136  square  miles.] 


39 


Discharge  in  second-feet. 


Month. 


1902. 

^April 

:*Bie 

[Mtf 

lAngnot  ... 
Sefytember 
Ortober... 


cimum. 

Minimum.      M 

287 

11 

313 

24 

86 

9 

17 

9 

146 

7 

134 

5 

19 

7 

Mean. 


68 
134 
19 
11 
21 
23 
13 


Run-off. 


talin 
>-feet. 

Second-feet 

persguaro 

mile. 

3,749 

0.46 

8,239 

.99 

1,131 

.14 

676 

.08 

1,291 

.15 

1,369 

.17 

799 

.10 

Depth  in 
inches. 


0.51 
1.14 
.16 
.09 
.17 
.19 
.12 


LOS  PINOS  RIVlcR   AT  IGNACIO,  COLO. 

The  station  was  established  April  22,  1899,  at  the  request  of  the 
Commissioner  of  Indian  Affairs,  for  the  purpose  of  ascertaining  the 
quantity  of  water  available  for  irrigation  along  the  stream.     It  is 
located  at  the  wagon  bridge  at  Ignacio,  the  subageney  of  the  Southern 
Ute  Indian  Reservation,  2  miles  north  of  the  Denver  and  Rio  Grande 
Bailroad  station.     The  rod  is  a  vertical  2  by  4  inch  timber,  10  feet 
long,  spiked  to  the  bridge,  the  marks  being  strips  of  brass  securely 
Daile<l  to  the  i)ost.     Bench  mark  No.  1  is  the  8-foot  mark  on  the  gage 
rod,  which  is  level  with  the  top  of  the  lower  end  of  a  6  by  8  inch  tim- 
ber protruding  downstream  from  the  pier  on  the  right-hand  side. 
BeDch  mark  No.  2,  placed  April  7,  is  an  iron  bench-mark  post  set  30 
feet  northwest  from  the  northwest  corner  of  the  bridge,  its  top  being 
7.64  feet  above  the  zero  of  the  gage.     The  observer  is  John  Wesch, 
the  clerk  at  the  agency.     The  banks  are  low,  but  not  subject  to  over- 
flow; the  bed  of  the  stream  is  of  gravel,  but  not  liable  to  radical 
change. 
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The  following  discharge  measnrementB  were  made  daring  1902  l>j^ 
A.  L.  Fellows: 

.    March  37:  Gkige  height,  8.44  feet;  diachargei  87  aeooiid-feet 
July  11:  Gkige  height,  3.16  feet;  diaduurge,  80  eeoond-fBet 


IMht  aoae  height,  in  feet,  of  Lot  Pino§  River  ailgnaeio,  Colo. 


M&r. 


tmw. 


IttH 


%m 

«■** 

t.60 

SLCft 

aao 

s.ai 

%m 

%m 

Km 

8.CA 

t;4& 

ILOU 

3;  4ft 

lL9fti 

aio 

I.«l 

i.ao 

».9 

aao 

ESS 

a.  16 

S;MO 

a.iA 

<-) 

a.% 

Apr. 


3.00 
8;  IE 

&« 
a» 

ax 

a» 

aiD 

3.  <  K I 

t.a) 


Rattng  f  able  for  Loh  Pino^  flirrr  at  TgnaHo^  Coio. 


iSS^t. 

Dknharge. 

iS^t. 

Discharge. 

Feet. 

Discharge 

h^'^t. 

Discharge. 

F^t. 

Seeond-feet. 

Ftet. 

Seeond-feet. 

Second-feet. 

Feet, 

Second-feet. 

2.0 

25 

2.9 

259 

8.8 

795 

4.7 

i,a52 

2.1 

82 

8.0 

315 

3.9 

856 

4.8 

1,414 

^.2 

43 

8.1 

875 

4.0 

918 

4.9 

1,476 

3.8 

56 

8.2 

435 

4.1 

980 

5.0 

1,5.38 

2.4 

78 

8.8 

495 

4.2 

1,042 

5.1 

1,600 

2.6 

95 

8.4 

555 

4.3 

1,104 

5.2 

1,662 

2.6 

125 

8.5 

615 

4.4 

1,166 

2.7 

163 

3.6 

675 

4.5 

1,228 

2.8 

208 

3.7 

1 

735 

4.6 

1,290 

Estimated  monthly  discharge  of  Los  Pinos  River  at  Jgncuno^  Colo, 
[Drainage  area,  450  Bqnare  miles.] 


Month. 


1902. 
April 

lit  ay 

June  1-14 . 


Discharge  in  second-feet. 


Haximoxn. 


June  1-14 / 


615 
765 


Minimum. 


73 
465 


Mean. 


Total  in 
acv  feet. 


312  . 


577  I 
Ml 


18,565 
35,478 


Bnn-off. 


Seoond-fcot  ru*^*.*,  i„ 
nare   P®P.*^^ 


per sqna 


inches. 


\ 


0.69 

0.T7 

1.28 

1.48 

.1^ 

^         .^ 

niiLL] 


COLORADO    RIVER   DRAINAGE    BASIN. 


DOLORES  RIVER   AT   DOLORES,    CH)LO. 


41 


This  station  was  established  by  F.  Cogswell  in  June,  1895.  The 
gige  is  located  about  one-half  mile  above  the  railroad  station,  at  the 
footbridge  from  which  the  i j i * ' a h ii r*.^ j ii e n ts o f  d  scti a rge  a lo  made.  The 
gage  is  vertical,  and  is  spiked  to  the  crib  abutment  of  the  bridge  on 
the  left  bank.  Tho  l>Gn(?h  mark  consists  of  a  nail  driven  into  the  base 
\}i  a  cot  ion  wchk!  tree  1 8  f  et*t  southwest  from  the  gage.  This  is  1 .  57  feet 
above  the  14-foot  mark.  The  locality  is  especially  good  for  accurate 
measurement,  as  the  bed  of  the  stream  is  apparently  permanent  and  the 
banks  are  not  liable  to  overflow  at  moderate  stages. 

The  observer  is  Mary  D.  Smith. 

The  following  discharge  measurement  was  made  in  1002  by  A.  L. 
Fellows: 

July  14:  Gage  height,  3.65  feet:  diHcharge.  47  secoiid-feet. 

Iktily  gage  lieight,  in  feet,  of  Dolores  River  at  l^^lorett,  Colo. 


Day. 


Apr.   ]  May.  '  June. 


1.... 

KNS. 

2  70 

2 

2.70 

3 

2.W) 

4 

2.90 

5 

8.00 

6 

8.00 

' 

3.10 

» 

3.30 

9 

3.25 

10 

3. 35 

U 

3.4/) 

« '. 

3. 50 

13 

3  50 

U 

8.50 

15... 

3.50 

IS 

8  50 

17 

3  50 

18 

3.(i5 

19... 

3  80 

a... 

4  00 

a 

22.... 

; " ; 

3.95 
3  80 

23 

-4... 

3. 90 
3  15 

23... 

3  80 

23... 

3  (iO 

2?-. 

3.65 
3.75 
4.10 
4.44) 

28 





»-. 

31-. . 

4.60  ; 
4.55  I 
4.45, 
4.25  I 
4.05  ; 
4.05  ' 
4.15  ' 
4. 15  ; 
4. 15  ; 

4.05 ; 

4.05  ■ 
4.10 
3.70  \ 

4.10 ; 
4.15 ; 

4.15  I 
4. 15  , 

8.ft-> : 

3.«0 
3.(J5  \ 
3.ii0  ' 
3.60  i 
3.50  ! 
3.50  I 
3.60  I 
3.70  I 
4.00  ! 
4.05  i 
4.20  ' 

4.  or, 

4. 10 


July.  I  Aujf.      Sept. 


3.95 
3.86 
3.75 
3.75 
3.70 
3.70 
8.55 
8.55 
3.50 
3.4,5 
3.40 
3.40 
3.40 
8.40 

3.25 : 

3.211  I 
3.20  I 

3.15 ; 

3.  (JO  I 
3.00  j 
3.(X)  \ 
2.ft5  i 
2.90  I 
2.90  ! 
2.90 
2.90 
2.90 
2.90 
2.90 
2.W) 


2.80 
2.80 
2.85 
2.90 
2.90 
2.90 
2.90  j 
2.86  j 
2.80  j 
2.80  j 
2.75  [ 

2.70 ; 

2.70  I 
2.(i0  I 
2.60  ! 
2.60 
2.60 

2.70 ; 

2.70 
2.60  : 
2.60  : 
2.60 
2.60 
2.55  ; 
2.65  ; 
2.60  ' 
2.65  ; 

2.65 ; 
2.60  : 

2.60  ; 
2.60 


I 


2.50 

2.50 

2.50 

2.50 

2.50 

2.50 

2.50 

2.46 

2.40  I 

2.45  I 

2.66  ; 

2.76  I 

2.80  ' 

2.80 

2.80 

2.80 

2.70 

2.70 

2.70 

2.65 

2.60  I 

2.65  i 

2.85  I 

3.25  I 

3.30  I 

3.30  I 

3.15! 

3.(X)  I 

3.00  j 

3.00  I 

3.00 


2.80 
2.80 
2.75 
2.70 
2.C5 
2.W) 
2.60 
2.60 
2.60 
2.65 
2.60 
2.50 
2.50 
2.50 
2.50 
2.50 
2.60 

2.m 

2.60 
2.65 
3.00 
3.15 
2.95 
2.90 
2.90 
2.86 
2.80 
2.75 
2.75 
2.70 


I 


I 


o<t. 


2.60 
2.00 
2.60 
2.60 
2.60 
2.55 
2.50 
2.50 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.60 
2.00 
2.00 
2.56 
2.50 
2.50 
2.60 
2a50 
2.50 
2.66 
2.60 
2.60 
2.60 
2.60 
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Rating  table  for  Dolores  River  at  Dolores,  Colo. ,  for  190:2, 


heigS. 

Discharge. 

Feet. 

Second/eet. 

2.4 

20 

2.5 

28 

2.6 

37 

2.7 

51 

2.8 

73 

2.9 

106 

Gage 
height. 


[  Discharge. 

'     Gage 
1  height. 

Discharge.      ^?|gf, . 

Discha 

j  Second-feet. 

'     Feet. 

SecoHd/eeti       Feet. 

Serond- 

\          150 

1       3.6 

556              4.2 

1,0 

205 

3.7 

628     '       4.3 

1,0 

271 

3.8 

700    l|      4.4 

1.1. 

341 

3.9 

773     1      4.5 

l,2i 

412 

4.0 

849           4.6 

1,3 

484 

1 

4.1 

925 

il 

Feet. 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 


Estimated  monthly  discharge  of  Dolores  River  at  Dolores y  Colo. 
[Drainage  area,  ft24  square  miles.] 


Month. 


1902. 

April 

May 

Jnne 

Jnly 

August 

SepteTul)er  . 
October 


Discharge  in  second-feet. 


Maximum.    Miniinom. 

I 


1,157 
1,323 

811 
106 

;ui 

237 
37 


51 

484 
106 

28 
20 

2S 
28 


Mean. 


497 

a57 

342 
56 
92 
62 
34 


Total  in 
a<*re-feet. 


29,574 
52,695 

20, 350 
3,443 
r>,  657 
3,689 
2.091 


Run-off. 


Second- 
feet  pt^r 
square 
mile. 


D*' 
ii 


0.948 
1.635 
.  653 
.107 
.176 
.118 
.  065 


I 


(iUNNISON    KIVEK    AT    WHITEWATER,  COlA). 

This  station  was  established  by  J.  E.  Field  April  10,  1002,  at  a 
wagon  bridge  constructed  by  the  Stati^  of  Colorado  at  a  point  a 
half  a  mile  above  the  railroad  station  at  Whitewater,  on  the  1)€ 
and  Rio  Grande  Railroad.  During  1S!)5,  1807,  and  lOOl  incom 
series  of  gage  heights  were  obtained  at  tliis  point,  but  tlie  st^ 
was  not  regularly  established  until  VM)'2.  It  was  intended  that 
station  should  take  the  place  of  the  one  formerly  maintained  oi 
Gunnison  at  Grand  Junction.  The  hitter  station  was  abandonc 
account  of  inaccuracies  tliat  could  not  be  overcome.  They 
mainly  due  to  tlie  fact  that  high  stages  of  water  in  Grand  1 
affected  the  gage  rod  in  tlie  (Gunnison,  and  that  the  sti'cam  bed  was 
tially  filled  with  great  bowlders,  making  accurate  gagings  imi)osh 
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Discharge  measurements  of  Ounnison  River  at  Whitewater,  Colo. 

HydroKrapher.  ^j^^ 


D»te. 


1902. 

April  10 

May  26 

July  31 

August  30 

September  20 

IfoTember  1 


J.E.  Field 

M.C.Hlnderlider. 

do 

do...   

G.H.Matthes  .... 
J.E.  Field 


Diflcharge. 


Feet. 
4.60 

6.10 
3.20 
4.60 
3.20 
3.80 


I 


Second-feet, 

«2,176 

3,322 

384 

1,230 

302 

622 


•Sometime  daring  the  spring,  between  April  10  and  May  26,  a  dam  was  placed  across  the  river 
about  U  miles  below  the  gaging  station,  which  affected  the  gage  heights  at  the  bridge  where 
W«  is  located.  In  the  latter  part  of  the  summer  part  of  the  dam  went  out,  thereby  again 
cbuging  the  readings  of  gage  rod.  No  definite  conclusions  could  be  arrived  at  as  to  the  extent 
to  vbich  the  river  surface  at  gaffe  rod  was  affected  by  the  construction  and  later  breaking  of 
the  dam.  The  gaging  of  April  10  was  not  used  in  constructing  the  rating  table. 

Daily  gage  height,  in  feet,  of  Ounnison  River  at  Wliitewater,  Colo. 


Day. 


I 


Apr.   j  May.  i  June.     July 


"^ 

3.00 

i 

8.00 

3 

3.00 
8.10 
3.85 
3.35 
8.40 
8.56 

i 

5 

8 

7 

8 

».... 

8.70 

10 

3.75 

11 

8  95 

12... 

4.05 

13 

4.15 

U 

4.35 

15 

4.45 

18 

4.60 

17... 

4  85 

18 

5  10  1 

19 

5  40 

20.... 

5  60 

21 

5.70 
5.85 
5  55 

22.... 

2'.. 

24... 

5  10 

i5.... 

4.85 
4.80 
4.80 
4.80 
5.15 
5.90 

28... 

27... 

9i.., 

2».. 

30.... 

a... 

-____ 

6.3S 
7.35 
7.«0 
8.80 
8.15 
8.00 
8.26 
8.40 
8.25 
8.80 
8.55 
8.75 
8.65 
8.45 
8.25 
8.05 
8.05 
7.85 
7.50 
6.90 
6.40 
6.15 
5.85 
5.70 
5.65 
6.15 
6.90 
8.06 
7.85 
7.70 
7.35 


7.60 

7.50 

7.15 

7.00 

7.00 

6.95 

6.86 

6.80 

6.90 

6.75 

6.60 

6.45 

6.30 

6.40 

6.15 

5.85  i 

5.65  I 

5.55  ; 

5.35  ! 

5.05  I 

5.00  I 

4.90  ! 

4.60  ' 

4.45 

4.35 

4.15! 

4.(M) 

4.00  ; 

3.96  i 

3.80  j 


Aug. 


3.70 

3.75 

8.80 

8.75 

8.70 

8.86 

4.40 

4.15 

8.90 

8.80 

8.70 

3.60 

8.50 

3.40 

3.35 

3.30 

3.60 

3.90 

3.65 

3.50 

3.35 

3.70 

3.85 

3.80 

3.70 

3.60 

3.60 

3.60 

3.70 

3.70  I 

3.  .35  ! 


3.20 
8.45 
8.50 
8.50 
8.50 
8.45 
8.40 
8.40 
8.55 
8.70 
8.70 
3.80 
8.80 
3.96 
4.80 
8.95 
3.70 
3.60 
8.65 
3.80 
3.90 
3.80 
3.70 
3.60 
3.75 
3.95 

4. on 

4.25 
4.60 
4.50 


Sept. 


4.46 
4.35 
4.25 
4.00 
8.86 
8.80 
8.70 
8.70 
8.60 
3.60 
8.60 
8.50 
3.50 
3.40 
3.60 
3.60 
3.70 
3.75 
3.60 
3.65 
8.80 
3.90 
3.90 
4.60 
4.90 
4.40 
3.70 
3.70 
3.60 
3.60 


Oct. 


8.60 
8.50 
8.45 
8.40 
3.80 
8.80 
8.45 
8.56 
8.85 
4.00 
4.20 
8.90 
8.65 
3.60 
8.50 
3.50 
8.50 
8.50 
8.50 
8.50 
8.40 
8.40 
3.40 
8.40 
8.40 
8.40 
3.40 
3.65 
8.60 
3.75 
3.80 
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Rating  table  for  Gunnison  Ru*cr  at  Whiteteater^  Colo.  ^  for  190S. 


height. 

Discharge. 
Second'/eet. 

! 
height. 

Di»(>harge. 
Secoiid-feet. 

height. 

Discharge. 

'  hei^t. 

1 

Discha 

Feet. 

1 

j     Feet. 

Feet. 

Second'/eet. 

F^t. 

Serond- 

8.0 

260 

4.6 

1,169 

1        6.2 

3,528 

7.8 

8.2: 

3.2 

341 

4.8 

1,359 

6.4 

3,982 

8.0 

9,0( 

3.4 

427 

5.0 

1,571 

6.6 

4,477 

8.2 

9,8: 

3.6 

521 

5.2 

1,815 

6.8 

5,012 

8.4 

10,6! 

3.8 

623 

5.4 

2,091 

1      7.0 

5,587 

8.6 

11, 5J 

4.0 

734 

5.6 

2,399 

7.2 

6,195 

8.8 

12,51 

4.2 

860 

5.8 

2,739 

7.4 

6,838 

4.4 

1,004 

6.0 

3,116. 

I      7.6 

7,515 

EHtinuited  monthly  dischftrge  of  Gunnison  River  at  Whiietoater,  Colo. 
[Drainage  area,  7,86Kaqnaremilee.i 


Month. 


1902. 

April 

May - 

June 

July 

August 

Septemlwr  ._ 
October 


Dist'harge  in  second-feet. 

Run-oflf. 

Maximum. 

Minimum. 

M«an. 

Total  in 
acre-feet. 

Second-feet    j^ 
per^BCjuare      , 

2,922 

200 

1,219 

72,535 

0.16 

12,271 

2.4SI 

7,772 

477,885 

.99  1 

7,r)ir> 

62:{ 

:i,*2S4 

195,411 

.42 

1 .  004 

:is:i 

570 

;i5.048 

.07 

IJfiD 

;ui 

()10 

:i7,50T 

.08 

1,4(}1 

4'JT 

GOT 

80, G89 

.08 

H(>() 

as:5 

504 

30,  \m) 

.00^ 

(JUXNISON    KIVRR    AT   1()I..\,  COLO. 

The  Tola  station  was  established  in  ^Nlarcli,  IIKK),  for  tlie  piirpc 
determining  the  amount  of  water  availabh>  for  tlie  irrigation  pi 
of  Uneompahgre  VaHey.  The  rod  is  at  a  wagon  bridge  wliich  cr 
the  river  about  a  ciuarter  of  a  mile  above  the  Denver  and  Rio  (t1 
Railroad  station  at  lola.  It  ecnsists  ot*  a  piece  of  2-ineh  by  4 
timber  fastened  to  the  downstn^am  side  of  the  second  pier  ol 
bridge  from  th<^  south  <Mid,  the  zero  of  the  rod  being  7.43  feet  I 
the  bencli  mark — a  spike  in  the  base  of  an  old  i)ost  40  feet  sou 
tlie  southern  end  of  \\w  bridge,  on  the  west  side  of  the  road, 
chief  value  of  the  station  is  wMth  reference  to  determining  the  an 
of  water  availabl(>  for  the  proi)osed  canal  to  the  Tncompahgre  Vi 
although,  owing  to  th(^  fact  that  a  number  of  sticams  enter  the 
nison  below  the  sintion,  t\w  results  (>\>\i\\A\vH\  do  \\o\  s\\v>\s  \\w; 
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unoiint  available.  The  channel  at  this  place  is  wide,  and  the  bed 
beingof  gravel  and  bowlders  is  not  particuUrly  susceptible  to  change. 
The  banks,  though  not  high,  are  not  subject  to  overflow.  The  ob- 
server, A.  Pomel,  post  master  at  lola,  telegraplis  the  gage  height  daily 
to  the  local  forecast  official  of  the  Ignited  States  Weather  Bureau  at 
Denver,  who  has  it  prinf*^!!  in  iht^  innvnintr  papers. 
During  1902  the  following  discharge  measurements  were  made  by 
M.C.  Ilinderlidei  and  A.  L.  Fellows: 

May  30:  Q&ge  height,  3.60  feet;  discharge,  1,925  second-feet. 
July  19:  Gage  height,  1.90  feet;  discharge,  271  second-feet. 
September  1:  Gage  height,  2.10  feet;  discharge,  400  second-feet. 

Daili/  gage  height,  in  feet ^  of  Chinnison  RixH'r  at  lola,  Colo, 


1... 
«... 
1.. 
I.. 
5.... 


Day. 


1908. 


Apr. 


9.. 
».. 
U-. 
B... 
13.. 
U... 
15... 
18... 
IT... 
W... 
1»-. 

a... 
a... 


24.. 

».. 
».. 

R.. 

».. 
».. 

3D.. 
31.. 


May. 


Judo.     July. 


3.70 

3.eo 

3.30 
3.30 
3.30 
3.20 
3.30 
3.30 
3.10 
3.00 
3.00 
3.00 
3.00 
3.00 
3.90 
2.80 
2.70 
2.00 
2.00 
2.50 
2.50 
3.40 
2.30 
2.30 
3.20 
3.10 
2.00 
3.00 
2.00 
3.00 


2.(H) 
2.00 
2.00 
3.00 
3.00 
3.30 
3.10 
3.00 
2.00 
1.90 
1.90 
2.00 
1.80 
1.80 
1.80 
1.80 
1.80 

1.80 ; 

1.80  j 
1.80  j 
1.80 
1.80  I 
1.80  j 
1.80  I 
1.80  ! 
1.80 
1.80 
1.80 
1.80 
l.HT) 
1.80 


Aug. 

Sept. 

l.8r) 

3.00 

1.80 

3.  a) 

1.80 

3.00 

1.80 

1.90 

1.80 

1.90 

1.8f) 

1.90 

1.80 

1.90 

1.80 

1.90 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.80 

1.90 

1.80 

1.90 

1.80 

1.90 

1.80 

1.90 

1.8r) 

1.90 

1.80 

1.90 

1.80 

1.90 

1.80 

1.80 

1.80 

1.8r) 

1.90 ; 

1.8<) 

1.90  1 

1.90 

1.80  1 

1.90 

1.80  1 

2.00 

1.80  1 

2.10 

1.80 

3.10 

1.80 

3.10 

1.80 

2.10 

1.80 ; 

2.10 

1.80  ; 

3.10 

1 

(k^t.    !  Nov. 


1.80 
1.80 
1.90 
3.00 
3.00 
3.00 
3.00 
1.90 
3.00 
2.00 
3.00 
3.00 
3.00 
2.00 
1.90 
1.90 
1.90 
1  90 
3.00 
3.00 
3.00 
3.0(» 
3.00 
2.00 
2.00 
2.00 

2.m 

2.00 
2.00 
2.00 
X\  .0 


3.00 
3.00 
3.00 
3.00 
3.00 
2.00 
2.00 
2.00 
3.00 
3.00 
2.10 
2.10 
2.30 
2.20 
2.20 
2.20 
2.20 
2.10 
2.10 
2.20 
2.20 
3.30 
2.10 
2.10 
3.10 
2.20 
2.20 
2.  a) 
3.20 


IP 


tBntii 


STREAM  MEASnREMENTS    f^    Jf)P2,  FARt   IV. 
Ratuig  table  for  OunniHon  Rivm*  at  lokt,  Cnlo^^fitr  JW^. 


\m*^ 


iSSSL 

DtBbbftrgc^ 

,s;si. 

DtM^Hvr^, 

I>l»^ti»rffo, 

Diff^Lvge*^  1 

■sfWf, 

!  mmfnd-fiiwt 

Fv^r 

JltWOfHS^^R ,  1 

^b«fnuf>^l. 

JVttf. 

il.8 

±21 

2A 

640 

a.o 

l,Sd5 

3.€ 

l,flSS        1 

1.9 

S7l 

2J3 

m 

8.1 

uB^m 

3.7 

2Jtt(l 

S,0 

:^i 

±t 

818^ 

s.a 

1,413 

8.« 

a,aft4 

a  I 

P6 

8*7 

010 

3.3 

i,rm 

a.0 

^,m 

2,2 

m  1 

S.» 

1,005 

3,4 

i.em 

4.0 

2,i(ae 

^.H 

^SQS 

3,fi 

um  j 

3.5 

1,772 

1               1 

SMtitmtUti  munihlji  tlineJmryv  of  (Innni^ion  River  at  Ittla^  C€di^» 

lDxuimin*i arum  ii^iSiA ttquuxu  miilpwi 


P^tffl^Tlfl^ ^  tgWUdliPBlL 


ToMU 


vtmpmee 

ttlM. 


V 


1908, 

4**^ 

.Aqr 

June 

July 

August 

September  . 

October 

November  . 


1,906 
9,686 
9,090 
555 
898 
830 
830 
474 


409 
1,006 
880 
221 
221 
221 
221 
330 


769 
1,888 
997 
269 
273 
244 
312 
408 


46,164 

118,016 

59,896 

16,540 
16,786 
14,519 
19, 184 
24,278 


.80 
.48 

.12 
.12 

.11 
.14 
.18 


0.87 
.92 

.48 
.14 
.14 
.12 
.16 
.20 


GRAND  RIVER  NEAR  PALISADES,  COLO. 

This  station  was  established  April  9, 1902,  by  John  E.  Field,  at  the 
iron  wagon  bridge  across  Grand  River  where  the  river  enters  Grand 
Valley  about  2  miles  above  Palisades.  The  channel  at  this  point  is 
deep  and  rocky,  the  mountains  rising  on  either  side  rather  abruptly. 
The  station  is  above  all  irrigating  ditches  supplying  water  to  the  land 
of  Grand  Valley  with  the  exception  of  one  pumping  plant,  which 
takes  about  20  second-feet  of  water  from  the  river  one-fourth  of  a 
mile  above  the  station.  The  river  at  this  point  is  deep  and  at  high 
water  very  swift.  The  right  bank  is  high  and  precipitous;  the  left 
bank  for  a  short  distance  below  the  bridge  is  liable  to  overflow  for  a 
short  distance  out  during  very  high  w^ter.  The  bed  of  the  river  is 
somewhat  changeable,  but  for  a  river  of  this  size  fairly  satisfactory 
results  are  obtained.  The  gage  consists  of  a  wire  cable,  to  which  a 
window  weight  is  atUiched,  swung  from  the  middle  of  the  bridge. 
The  j^raduHtions  nre  painted  in  feet  and  lentha  on  \,\i^  Viwb  xavl  on  the 


i.) 
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I  bridge.  No  bench  mark  has  ever  been  established.  The  observa- 
tions have  been  t^ken  twice  daily  during  the  irrigating  season  since 
testation  was  established  by  S.  L.  Purdy,  pumpman  at  the  Mount 
Lincoln  pumping  plant. 

Discharge  mecumrements  of  Grand  River  near  Palisades,  Colo, 


1                   Date. 

Hydrographer. 

1                    1902. 

■  ipnl9 

J.E.Fleld               

f  %27 

M,  n  TTiTi*lprli*l«r 

1  •^Dirao 

.do 

1     ^   - 

do 

^^ber2 

Q.  H.  Matthes 

^^Verlo 

^tol)er26. 

do . 

do : 

^^V«inber3 

do 

Gage 
height. 

DiHcharge. 

Feet. 

Sectmd-feet. 

12.30 

2,564 

16. 80 

9,778 

12. 20 

1,966 

12.00 

1,662 

12.15 

1,415 

12.20 

1,465 

12.20 

1,361 

12.10 

1,346 

Daily  gage  height,  in  feet,  of  Orand  River  near  Palisades,  Colo. 


Day. 


i9oe. 


Apr. 


May. 


X5. 

^.. 
21-. 
»-. 
23.. 
24.. 
25.. 
88-. 
27.. 
28-. 
».- 


Jane,  i  July. 


17.76 
17.56 
17.25 
17.10 
17.10 
17. 10 
17.  (M) 
16.05 
17.00 
16.05 
16.80 
16.65 
16.55 
16.45 
16.15 
15.05 
15.75 
15.45 
15.25 
14.05 
14. 75 
14.55 
14.42 
14.38 
14.30 
14.  OH 
13.06 
18.80 
13.70 
13.66 


18.75 
18.75 
18.66 
18.42 
13.42 
18.38 
13.35 
13.25 
13.16 
12.98 
12.86 
12.70 
12.68 
12.70 
12.68 
12.60 
12.05 
12.68 
12.72 
13.26 
12.08 
12.75 
12.  .58 
12.45 
12.40 
12.32 
12.3fJ 
12.28 
12.22 
12.18 


Auk-     Sept.        Oct.       Nov. 


12.12  1 


12.25 
11.06 
11.06 
11.02 
11.02 
11.00 
11.82 
11.80 
11.80 
11.75 
12.08 
11.80 
11.75 
11.75 
11.85 
11.08 
12.00 
11.48 
11.85 
11.78 
11.72 
11.70 
11.70 
11.65 
11.78 
11.85 
12.00 
11.60 
12.00 
12.  \0 


12.00 
12.00 
12.00 
11.05 
11.88 
11.80 
11. 8r) 
11.75 
11.72 
11.72 
11.68 
11.60 
11.80 
11.60 
11.60 
11.60 
11.60 
11.60 
11.75 
11.70 
12.36 
12.15 
12.10 
12.10 
12.10 
12.10 
12.10 
12.10 
12.10 


12.10 
12.20 
12.27 
12.35 
12.25 
12.20 
12.25 
12.18 
12.12 
12.10 
12.10 
12.10 
12.25 
12.30 
12.20 
12.25 
12.25 
12.25 
12.25 
12.30 
1-2.20 
12.20 
12.18 
12.20 
12.20 
12.18 
12.20 
12.18 
12.18 
\t,VS 
ViAV> 

« station  closed  for  winter. 


STREAM   MEAHUEEMEKTB    IN    liJCG,   PAET    IV.  [Si*.m 

Mating  iuUe/tir  Cl#afiil  id* iMtr  netir  Pulinfidim,  Oola^^fiW  rJO£,  i 


tHflr^bmri^. 


/tei?fmcl*/eriL 

1,000 

^jm   I 


«Sg_  !  Itolimr,^ 


1l«<!«3 


J_ 


13.4 

13.  d 

13.8 
UJ> 

14.  S 
14,4 
14.0 
14.8 
15.0 


4,098 

5,464 

«,  246 
tt,»U2 
7,041 


1^. 


15.4 

13.  e 
ie.o 

irt.l 
10. 8 


Dln^lUifVQ, 


7,444 
7,867 

S,75a 

10.  106 

UK  Mm 


FkcL 
17,0 
17,3 
17-4 
17.6 

ire 

16.0 
IS.  2 

IN.  4 

me 


DtftL'lwWH^ 


lt^543 

1S,6S4 

13. 171 

ta,73a 

14.383 
H,87fl 

16,308 


I 


[  t  n-nliuit^i."  (lira.  fiJtW  minmro  milM,J 


Muntb, 


1800, 

April    

May 

June 

July 

Atiin^it  ._.. 
September  . 
Octolier 


Bliicbaxpii  in  iMKxia4>'Awl 


Mmiliirtini 


4,S60 

10,308 

i:i,5H4 

4.604 

LM90 


]Ilnll£ttliu» 


1,103 

4,  410 
1,830 

(M4 
1.103 
1 ,  8011 


I 


11,800 
8,873 
8,034 
t,4i70 

1,4H0 


r 


TiitAl  itl 


182, 0&4 
735,5.54 

537,080 

18.5, 03D 

flO,94l 

88,002 
119,963 


Bvm-i^- 


0,26 

1.3H 
1,04 

.a5 

,17 
.17 
.23 


0.3( 
1.51 

i.ii 

.11 
.31 


GRAND  RIVER  AT   GLENWOOD   SPRINGS,  COLO. 

Tbis  station  was  first  located  May  12,  1899,  at  the  request  of  th( 
Denver  and  Rio  Grande  Railroad  Company,  at  the  railroad  bridge « 
quarter  of  a  mile  west  of  the  depot  and  just  above  the  mouth  ol 
Roaring  Fork.  A  wire  gage  was  used.  At  the  beginning  of  1900, 
however,  a  new  gage  rod  was  located  near  the  electric-light  works  ol 
the  Colorado  Hotel.  Measurements  are  made  from  the  wagon  bridge 
crossing  the  river  between  the  town  and  the  hotel.  The  channel  U 
good,  being  composed  of  gravel  and  rock,  and  does  not  change  much 
the  banks  are  high  and  not  subject  to  overflow. 
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During  1902  the  following  discharge  measurements  were  made  by 
.  K  Field  and  M.  O.  Ilinderlider. 

April  It:  Qage  height,  3.87  feet;  discharge,  1,828  second-feet. 
Jnly  28:  Qage  height,  3.90  feet;  discharge,  1,414  second-feet. 
Angnst  28:  Gage  height,  3.60  feet;  discharge,  1,079  second-feet. 
NoTember  3:  Gage  height,  3.80  feet;  discharge,  842  second-feet. 
December  13:  Gf%ge  height,  3.30  feet;  discharge,  775  second-feet. 

Daily  gage  height,  in  feet,  of  Grand  River  at  Olenw^ad  Springs,  Colo, 


Day. 


23.. 
84. 
25.. 
«  . 

27. 
*.. 
2»  . 
30.. 
31.. 


10Q2. 


Jan. 

Feb. 

aio 

8.10 

8.15 

3.00 

3.15 

2.90 

3.35 

3.00 

3.25 

3.05 

3.20 

3.20 

8.20 

3.20 

3.20 

3.20 

3.20 

3.20 

3.15 

3.20 

8.10 

3.20 

3.00 

8.25 

3.06 

3.30 

3.10 

8.15 

8.00 

3.15 

ao6 

8.30 

8.20 

8.25 

8.16 

8.26 

aio 

3.80 

8.15 

8.20 

8.10 

a20 

2.90 

8.30 

3.20 

8.30 

3.06 

3.20 

8.16 

«  3.30 

3.05 

3.90 

3.00 

3.30 

2.86 

3.20 

3.10 

8.10 

3.10 

Mar. 


3.25 
3.20 
a  20 
a  16 

a  15  i 
a25 
a  20 
a  15 
a  25 
a  25 
a  25 
a  26 
a  26 
a  26 
a  15 
a  10 
a  20 
a  26 
a  80 
ado 
a  35 
a  36 
a  30 
a  30 
a  30 
a  30 
a  30 
a.'» 
a  25 
a  15 
a  15 


Ipr. 

May. 

a  15 

5.40 

a  20 

5.95 

a  25 

6.45 

a  30 

6.75 

a  40 

6.90 

a  50 

6.90 

a  60 

6.70 

a  70 

7.20 

a  90 

7.40 

a  90 

7.50 

a  85 

7.80 

a  85 

7.95 

a  90 

7.80 

a  90 

7.90 

a  80 

a  10 

a  70 

8.20 

a  70 

a  15 

a  80 

7.95 

are 

7.75 

4.15 

7.25 

4.30 

6.80 

4.65 

6.36 

4.45 

6.10 

June.     July.     Aug:.«  j    Dec. 


4.20 
4.10 
4.10 
4.10 
4.25 
4.55 
4.90 


5.95  i 
5.95  I 
6.30  I 
7.10  I 
7.50  I 
7.35  ; 
7.4o  ; 
7. 05  ' 


7.75 

6.(K) 
4.80 
4.75 

' 

7.tV> 

1 

7.40 

'        2.90 

7.20 

4.70 

1        2.91) 

7.35 

4.60 

j     aio 

7.31) 

4.60 

3.20 

7.80 

4.60 

a2o 

7.30 

4.4.5 

;     aio 

7.40 

4.:*) 

I     a26 

7..T. 

4.20 

'     a25 

7.30 

4.20 

;      a;*) 

7. 15 

4.15 

a3o 

7.00 

4.10 

aso 

6.90 

4.10 

1     aso 

6.66 

4.(X) 

:     ao6 

6.50 

4.00 

!        2.85 

6.30 

4.(X) 

2.80 

6.10 

4.15 
4.55 

i       2.58 

5.95 

1      ao5 

5.80 

4.60 
4.35 

'        8.05 

6.60 

'     ao5 

5.50 

4.20 

aa5 

5.:« 

4.10 

1        2.95 

5.35 

4.00 

1     ao5 

5  20 

a  90 

a  90 
a  80 

'        3  25 

5.10 

1      a:io 

5. 10 

'      xz\ 

5.(10 

'      a28 

4.t}0 

\    ('') 

4.<.k3 

(ft) 

i     (") 

"Automatic  register  placed  on 
record, 
*Wire  on  gage  broken. 

IRR  85—03 4 


July  28.    Never  worked  hiitwfa<*U>rily.    Cause  of  hreak  in 


M 


Jy^^W^^ 


STREAM  MEASUREMENTS    IK  1302,  TATtT  fV. 


^Baiin{f  tublf^for  Grand  Rivfr  at  Glenwen^i  HpHn^a^  Cotn.^  for  t!W$,, 

A 

ni^^.   ,«i^^ 

Dlai-lurf^. 

DlHCtkarge. 

.^t. 

■ 

tf^t 

Bmmd^fmi,     J^. 

^«o**d-/«#f. 

Jiwf. 

.^€Vnlrf-/0i(r^, 

^*'f- 

immvi^M^ 

8,(1 

OfiQ 

44 

1,969 

5.8 

5,100    ! 

7.2 

%m 

S.3 

775 

4,6 

S,SI8 

e.o 

5.  7»30 

7  A 

10,7«3 

9  A 

9SU 

4.8 

t,m 

fl.S 

6,  4;ju 

?.« 

11,5411 

d,e 

I,OT0 

5.Q 

9.m  1 

6.4 

7J01     1      7.8 

ld,S40 

a,« 

t,2fi6 

5.2 

i,m 

e,« 

7,af»  1 

8-0 

18, 151         I 

^.0 

1.485 

5.4 

S.891 

e.a 

8,^    ' 

asa 

,    ld,0»       / 

4.2 

1,7^ 

5.ft 

4,i«e 

T.fl 

9,2M    1 

J 

? 

_* 

&timaUd  montklu  dm*Juirgfi  of  Grand  River  at  Olrntrtjod  Sprltt^it,  Colo* 


MoatJi* 


Jaiiimt7 

February >. 

March 

April  ._-.,... 

May  „. 

June 

July  I  to  37,., 
Decembers  to  S 


MftZilQIfDl, 


2,772 

13,980 
12,140 


Mtntmnan. 


600 

em 

710 
742 

3,8M1 
2,773 


TotiLllii 


7^1 
775 

803 

L410 

7,S16 

1,864 

72a 


44,9d;3 

4^,818 
84,486 

004, lao 

485,382 
09,824 
87,5^ 


— ^ 


Ilt]ii^<)ff. 


pier  nqiiare 
mile. 


0,123 

.lis 

.138 
.244 

L6ai 

1.25il 
.821 
*12< 


D?ptb  Id 


0,14 

.16 

,27 
1,94 

LSP 

.IS 


WHITE   RIVER  AT  MEEKER,  COLO. 

This  station  was  established  by  A.  L.  F'ellows,  May  24,  1901,  about 
one-half  of  a  mile  above  the  town  of  Meeker,  at  a  point  where  a 
wagon  bridge  crosses  the  stream  on  the  ranch  of  L.  F.  Van  Cleave. 
The  gage  rod  consists  of  a  vertical  2  by  4  inch  timber  nailed  t^)  the 
left  abutment  of  the  bridge  on  the  downstream  side.  The  bridge  is 
marked  every  5  feet.  The  initial  point  for  soundings  is  at  the  rod 
at  the  left  or  south  end  of  the  bridge.  The  banks  are  so  high  that 
they  are  not  liable  to  overflow;  the  channel  is  of  rock  and  gravel,  and 
seems  permanent  in  its  nature.  Measurements  are  made  from  the 
lower  side  of  the  wagon  bridge.  The  observer  is  L.  F.  Van  Cleave, 
who  reads  the  rod  twice  each  day. 


moL] 
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The  following  discharge  measurements  were  made  during  1902  by 
i J.  McCune  and  J.  E.  Field: 

Jnly  6:  Gkvge  height,  4.00  feet;  discharge,  472  second-feet. 
Oct  17:  Gtage  height,  2.55  feet;  discharge,  342  second-feet. 

Daily  gage  height,  in  feet,  of  White  River  at  Meeker,  Colo, 


D»y. 

Apr. 

May. 

4.70 
4.85 
5.80 
6.25 
5.25 
5.30 
5.50 
5.65 
5.75 
5.70 
5.80 
5.70 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

1900. 
1 

3.66 
3.56 
3.60 
3.80 
3.« 
3.00 
3.70 
8.80 
3.75 
3.70 
3.65 
3.70 

6.40 
5.35 
6.15 
5.20 
5.25 
5.10 
5.10 
5.00 
4.96 
4.90 
4.80 
4.95 

3.85 
3.95 
3.90 
3,80 
3.95 
4.05 
3.95 
3.90 
3.85 
3.80 
3.80 
3.75 

a3o 
a35 

3.35 
3.35 
3.36 
3.35 
3.35 
3.a'5 
3.30 
3.30 
3.30 
3.40 

8.00 
3.65 
3.55 
8.60 
8.60 

8.00 

• 

8.00 

t 

3.60 

4 

3.50 

5 

8.60 

6 

3.50  '       3.50 

3.50          H..W 

8 

3.50 
8.50 
3.40 
3.40 
3.50 

3.50 

•...: 

3.50 

10 

3.50 

n..., 

3.60 

B. 

8.70 

11. 

3.70 
3.00 
3.55 
3.00 

5.65 
5.70 
5.70 
6.70 
6.70 

4.66 
4.65 
4.65 
4.45 
4.30 

8.75 
3.70 
3.66 
3.60 
8.70 

-  8.40 
3.45 
3.40 
3.40 
3.40 

3.46 
3.45 
3.50 
3.60 
8.45 

3.65 

M...                         

3  56 

B 

3.55 

U 

8.60 

17. 



3.70 

a60 

18... 

3.75 
8.95 

5.60 
6.25 

4.25 
4.20 

3.80 
8.70 

3.40 
3.40 

3.46 
3.60 

8  60 

tt 

8.60 

» 

;      4.05 

5.10 

4.10 

8.66 

8.40 

3.50 

8.60 

a 

1      4.15 

4.85 

4.10 

3.60 

3.40 

3.70 

8.60 

ft. 

4.00 

4.75 
4.70 
4.60 
4.60 
4.  BO 
6.15 
5.30 

3.95 
8.95 
8.90 
3.80 
3.80 
3.75 
3.75 

3.60 
3.55 
3.50 
3.60 
3.50 
3.50 
3.50 

3.40 
3.40 
3.45 
3.50 
3.50 
3.60 
3.50 

3.70 
3.60 
8.60 
3.60 
3.00 
3.00 
3.60 

3.60 

a. 

3.95 
3.86 
3.80 
3.80 
3.80 

3.55 

ai 

8.60 

s 

8.50 

» 

3.60 

jr _ 

3.50 

» 

4.00 

3.50 

s 

4.30 

5.35 

3.90 

3.40 

3.60 

3.60 

3.50 

30 

j      4^ 

5.25 

3.90 

3.40 

3.50 

3.60 

8.60 

31 

5.60 

3.30 

3.W 

3  60 

1 

Bating  table  for  White  River 

at  Mee 
height. 

A'<>r,  Colo. ,  /c 
'  Discharge. 

>r  JOO;?, 
height. 

Ftft. 

Dtecbarge. 

'  hei^\. 

Discharge. 

!' 

Discharge. 

Sec<md-f€et. 

1     Feet. 

Second-feet. 

Feet. 

Second  fee f. 

Feet. 

Second-feet. 

2.7 

300 

3.4 

372     1 

4.2 

523     ;; 

5.6 

2,614 

2.8 

308 

3.5 

384     :' 

4.4 

594 

5.8 

!       3, 284 

2.9 

317 

1      3.6 

397    i 

4.6 

696     || 

6.0 

4,034 

3.0 

327 

!      3.7 

412    ; 

4.8 

845    |j 

6.2 

4,834 

1     ^'^ 

337 

;      3.8 

429 

5.0 

1,100 

6.4 

5,634 

3.2 

348 

;      3.9 

448 

5.2 

1,514 

/      S.3  1 

""i 

1      4.0    \ 

469 

1 

5.4 

2,024    i 

• 

K)$$  STKEAM    MKASUHKKKNlf^    IN    UK)2,    l*AET    l\\ 

^^^^  Eatimutt^i  mtmthig  dn^ehnrgn  </  Wkiit  Hivtr  ut  Meeker,  Cola 


t^fc 


[DmifiAgn  arva.  mi  minans  isXhiM^l 


Montb. 


April .,*, 

May  _.-.., 
Jane. ..—,,. 
July,  ...., 
Aiagnflt  ,.__. 
Septeitib<i3'  , , 
October 


Di^-hnr^  in  ■e^oQd^fee.t. 


MjpJt^lnmai- 


4]^ 


IdlnlxniuUn. 


384 
4J2t> 

m) 
;tT2 

iEB4 


4S:J 

84:j 
4t4 

m7 


Tatkliit 


H8,4**7 

25, 4rill 
2*i.87a 

23,  UT 
2^,  Tim 


Eiui^ff^ 


n.m 

B.04 
.61 


UINTA   RIVER    AT   OUHAY   SCHOOL,  NEAB  LELANU,  UTAH. 

This  sitatioji  was  ostablishtad  Navembtsr  H,  189^j,  autl  in  locatec 

the  highway  britlgp  tn  (*r  the  river  n^Hr  the  Onray  Hchool.  It  iss  nh 
5  miles  below  the  station  at  Fort  Duchesne.  Dry  Gulch  Creek  eiit 
from  the  west,  aad  except  during  flood  stages  carrien  pra<-ticaliy  o 
the  w^aste  water  of  Canal  No.  1  and  the  liench  ditch,  thereby  aecoi 
iug  for  the  increase  in  flow  Ix^t  ween  this  i>oint  and  the  Fort  Ducbe 
station.  The  rod  is  nailed  to  the  east  end  of  the  south  crib  of 
wagon  bridge.  Bench  mark  No.  1  tw  the  head  of  a  niiil  in  the  extn 
noilheast  corner  of  the  bridge  floor,  ami  ia  at  an  elevation  of  4,74* 
feet  above  sea;  Ijencli  mark  No,  :3  is  a  nail  in  tlie  flags taff  of 
achool,  with  an  elevation  of  4,701  >  feet.  The  elevation  of  the  zen 
the  itKl  is  4,737.30  f^'^et.  During  iow^  water  nioasnrements  are  in* 
by  wading,  at  a  section  200  feet  below  the  bridge,  and  at  high  st* 
they  are  made  from  the  bridge  itself.  The  section  is  a  good  ( 
although  the  center  pier  of  the  bridge  will  interfere  somewliat  \ 
the  accuracy  of  the  results  when  measurements  are  taken  there. 
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arge  measurements  of  Uinta  River  at  Ouray  School,  near  LeUnuU  Utah. 


21.... 

28.... 
ber4.. 
berll. 
berlS. 
ber  25. 
r2  .... 
rO  .... 
r  23  . . . 
r  30  -  - . 
ber  7 . . 
ber  13. 
ber  20. 
ber  26- 
t)er4  .. 
ber  10  . 
t)er  19  . 


Dat^. 

Hydrographer. 

J7 

1902. 

C.  T.  Prall 

do 

) 

do    . 

1 
do 

I 

do  . 

»*x^ ._ 

do 

do 

do 

do 

do 

do 

do 

do 

do 

...do ,  .   .                      ' 

# -- 

do                                               1 

H.  S.  Reed 

do 

4 .. 

.do 

14 

do 

..do 
..do 
..do 
.do 
..do 
..do 
.do 
-do 
.-do 
..do 
-do 
.do 
..do 
..do 
.-do 
..do 
..do 


Oatf« 
leignt. 

Discharge. 

Feet. 

Secimd-feet. 

0.r)(] 

122 

.m 

89 

.31 

81 

.24 

72 

.39 

95 

.35 

90 

.69 

144 

2.65 

919 

1.60 

397 

3. 50 

2,224 

2.85 

1,143 

2.32 

732 

1.70 

426 

1.20 

285 

1.22 

278 

.67 

150 

.24 

75 

.03 

47 

-  .16 

35 

.03 

51 

.12 

86 

.05 

48 

.06 

52 

-   .08 

35 

.07 

50 

.33 

81 

.30 

78 

.33 

84 

.33 

81 

.40 

87 

.33 

83 

.60 

119 

.54 

109 

.15 

60 

.33 

57 

.63 

104 

.  65 

89 

^p4                      STREAM    MEASURKMENT9    IN    14*02,    TART    TV 

[ 

J^Dailffgage  height,  in  feet,  of  Uinta  Rinerai  Ouray  Schmd,  n^ar 

M 

j«£. 

F*sb. 

Miir, 

Apr. 

.^ 

.4S 
.f>l 

,tss 

!.»♦ 

i!.a4 

£.(50 
if'Mll 

1.48 

].44 
l.m 
S.9& 
3.53 

June. 

Jtlly, 

Aug. 

Scllt. 

Oet. 

lStQV\ 

Di 

H 1 

(«) 

m 

^:\ 

0,« 

.!» 

,m 

,m 
.m 
.in 

.as 
•® 

.as 

M 

.»* 

.»» 
.u» 

.41 

aa 

ate 

2.H> 

i.WJ 
t.H 

am 
1.^ 

LT4 

1.63 

1.4* 

Lia 

1.40 
1.88 
LS& 
J. 24 

i-ao 

1.12 
1.1« 

i.rio 

l.fB 

aw 
in 
.11 
.oe 
jii 

-  .01 

-  .Oif 

-  .tia 

-  .04 

^  ■***! 

-  .08 

^  ,m 
"  .11 

^  .11 

M 
.05 
.OQ 
.07 

.or 
i.ao; 

.40 

.as 
.ai 
.ao 

.30 

.m 
.m 

o.ao 
.m 
.») 
.ao 
.ai 

.S3 
.34 

.^ 

.Si 

.as 

M 

jn 

.»& 

.8G 

.» 

.as 

.33 

.as 
.as 

ft.  40 
.10 

.87 
.40 

:: 

M 

,4a 
.» 

.S3 
,51 

.a» 

.4ft 

.« 
.40 
.4S 
.40 
.40 

n 

^m  B 

i.aii '-  -i» 

^K    9 

■j;:::::::;:;::i:::i 

— 

',Z2 

I.IS 
IJO 
LUI 
1. 00 

.W 
.0ft 

,m 

.4r» 
,m 
.as 
.m 

.as 

■z 

.% 

.ao 

.15 

.la 
.11 

«  .oe 

-  .18 
'  .14 

-  .IT 

-  .!» 

-  .ai 

.00 
,01^ 

.(» 
.or 

-  .01 
'  .Cft 

::S 

-  .oe 
^  .la 

-  .14 

-  .Ifi 

-  .IS! 
"  MO 

-  .11 
.01 
.1» 

.17 

^K't 

^KrJi 

^■« 

y  ^' 

^^1 

K 

-..,^ 

r-^-^-mmr 

^Kdfl 

*••••• 

Bj-   -    -" 

.-— . 

^B- 

*-."-T 

-^--M« 

— - 

^HC' 

^^C 

^IC 

0 

^^te 

i 

^^p 

^Ki 

^I5t 

^»ii_, ,_„.. 

m. ......... ...,.,.. 

m. - 

»._ „... 

""" 

80 __ ,,„„ 

.*. 

m 

-.. 

^'*n--"J 

'" 

«  River  frozen. 


Rating  table  for  Uinta  River  at  Ouray  School,  near  Leland,  Utah,  for  Januari 

to  December  1,  1902. a 


Gage 
height. 

Discharge. 
Secondrfeet. 

height. 
Feet. 

Discharge. 

Gage 
'  height. 

Feet. 

Disc-harge. 

Gage 
heif^t. 

Discharge 

Feet. 

Second-feet. 

Second-feet. 

Feet. 

Second -fee, 

-0.2 

30 

1.0 

210 

2.2 

660 

3.4 

2,040 

-   .1 

35 

1.1 

240 

2.3 

720 

3.5 

2,200 

.0 

40 

1.2 

270 

2.4 

780 

3.6 

2,363 

.1 

54 

1.3 

300 

2.5 

850 

3.7 

2,524 

.2 

68 

1.4 

330 

2.6 

930 

3.8 

2,686 

.3 

82 

1.5 

360 

2.7 

1,010 

3.9 

3,848 

.4 

96 

1.6 

390 

2.8 

1,110 

4.0 

3,010 

.5 

110 

1.7 

430 

2.9 

1,240 

4.1 

3, 172 

.6 

130 

1.8 

470 

3.0 

1,400 

4.2 

8,384 

.7 

150 

1.9 

510 

3.1 

1,560 

4.3 

3,496 

.8 

170 

2.0 

550 

3.2 

1,720 

4.4 

3,658 

.9 

190 

2.1 

600 

3.3 

1,880 

4.5 

3,820 

a  The  daily  discharges  for  December  were  ohtainwl  from  the  meamirements  by  interpolatio 
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I  EiHmated  monthly  discharge  of  Uinta  River  at  Ouray  Schitol^  near  Lelaml,  Utah, 
[Draina^  area,  fi67  rqnaro  miles.] 


Month. 


1902. 

Jannaiy  ^ 

Pebrnary  «... 

March« 

April 

lay 

Jime 

July 

August 

September  ... 

October 

NoTember 

December  «_ . . 

The  year  _ 


Discharge  in  second-feet. 


ICaximum.    Minimum. 


146 
2,653 
2,120 

327 
65 

470 

154 
104 


2,658 


76 
84 
246 
47 
30 
34 
78 
57 
57 


30 


Mean. 


110 

110 

100 

92 

740 

651 

132 

40 

72 

89 

97 


193 


Run^off. 


ToUl  in      \ 

acre-feet.     Second-feet  r^^**,  <„ 


6,764 
6,109 
6,149 
5,457 
45,484 
89,029 
8,148 
2,467 
4,284 
5,460 
5, 780 
5, 129 


140,296 


0.11 
.11 
.10 
.09 
.77 
.67 
.14 
.04 
.07 
.09 
.10 
.09 


.20 


0.13 
.11 
.12 
.10 
.89 
.75 
.16 
.05 
.08 
.10 
.11 
.10 


2.70 


a  Jan.  1  to  Apr.  1,  and  Dec.  21-31,  river  frozen;  quantities  estimated. 


DUCHESNE   RIVER  AT  PRICE   ROAD   BRIDGE,    UTAH. 

The  station  on  Duchesne  River  was  established  October  26,  1899, 
and  is  located  3  miles  below  the  mouth  of  Lake  Creek  at  the 
highway  bridge  on  the  stage  road  from  Price  to  Fort  Duchesne.  The 
permanent  gage  rod  was  placed  November  IG,  1899,  and  is  nailed  to 
the  east  side  of  the  center  pier.  Bench  mark  No.  1  is  a  wire  nail  in  a 
I05:  close  to  the  rod,  and  is  opposite  the  7-foot  mark.  Bench  mark 
No.  2  is  a  wire  nail  on  the  west  side  of  the  crib,  with  an  elevation  of 
5.48  feet  above  gage  datum.  The  section  at  this  point  is  very 
good,  with  a  moderate  velocity  of  water.  There  is  one  pier  in  the 
center  of  the  stream  which  does  not  materially  affect  the  accuracy  of 
the  results  at  h)w  water,  but  presumably  will  to  a  certain  extent 
during  the  flood  season. 


"         DtHtihi 


BTREAM   HKAftUREMENTfJ    IN    iSWfi,  PART 
Diittih4tr{fi'  meamt refill nt a  of  Ihtvhfsn^  Hirtr  nf  /VtVv  Rotnl 


1 


Ikklm. 


,Man'h  en  . 

•  April  4 ,.__._ . . 

\&imllU__,_. __, 

April  1H_. __..., 

April  25. 

Jt^2 ...   ... 

MiLjria., 

.  Jttne  IH 

Jtily  ft.    . 
Jtily  11. 
July  10  _ 

Jiay25 ___..... 

Atignwt  l____   , 

Angtiut  U   ***.,* 

August  15.. ^ 

Aug^ist  22. __- 

Augmtt  20.  .  *r""*'^*^'' 
SepttmilKsr  r>.^^^,...^,._^^, 

Sept*>mlK"r  13 

Septemlier  TO.  ^,t,*-,.-»^. 
Septemlwr  iJtL  _.,*».,..,  .*,. 
OctiilHTfJi ^^ .-,,. 


H^rdriJumtiliA 


Of'trilter  IM  .__.____^_... 
Ot!ti*l»t*r24  .  ..__..„,.^., 

Oct*>lierJ!l ..* 

November  14,  ..^*,.....^., 
WoremtM^r  2L  i^..**^*^,.,^ 
November  2».  *^.i«__,_,,^„ 


C,  T.  PmU     . . . 
do 

do.. 

.Oq . 

da .- 

do    _..._._ 

.    do..,- 

du     _        _. 

do 

do 
.  .do    ..     .   .. 
,    dtj 
do 
do    , 

-do 

Pnill  uiid  Bm^l , 
H,8.  Roed..  . 
--..do    . 


..da 
,da 
-do 
do 
,do 

..do. 

..to 
-do 
.do 
.do 
Ao. 


._  __do 

,,  .do 
____-do 
.....do 


<:t 


n 


5.23 
5,25 
■i,  82 

6.28 

o,4r> 

7.50 
0.75 

0/70 
fi,  20 

5-75 

5,  m 

G.40 

5.12 
5,JS5 

5.22 
f5*U2 
JI.OO 

n.  w 

5,22 
5.25 
5.25 

5.25 
5,28 
5.30 
5.%'3 


£K)it 
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Daily  gage  height^  in  feet,  of  ThiclieJine  River  at  Price  Road  Bridge,  Utah, 


m             Day.                    1  Jan.  |  Feb. 

■ 

Mar. 

Aiir. 

May. 

June.!  July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

1 1 («) 

(") 

(«) 

5.26 

6.05 

8.80  i  6.10 

6.20 

5.13  j  6.25 

5.28 

(«) 

t 

5.27 

6.13 

8.25 

6.13 

6.16 

6.10  15.25 

5.28 

'i 

5.20 
5.30 

6.18 
6.21 
0.22 
6.24 
6.26 
6.28 
6.48 
6.6;) 
6.80 

7.90 
7.90 
8.05 

6.13 
6.14 
6  no 

5. 18 
6.18 
6.15 
5.13 
6.13 
5.13 
5.10 
5. 13 
5. 15 

5.10  1  6.25 
5.10     5.25 
5.10     5.25 
5.10  1  5.20 
6.08     5.20 
5.00    5.20 
5.00     5.20 
4.96     5.20 
4.99  •  5.20 

5.28 
5.28 
5.28 
5.28 
5.28 
5.29 
6.28 
5.28 
5.30 

^. 

S 

6.3:3 
5  38 

1 

8.10     6.07 
8.16     6.03 
8.26     5.88 
8.43     5.80 
8.46  1  5.75 
7.86  !  6.75 

J 1 

5.39 
.'i  47 

8.                                        '        . 

1 

'  5  53 

10 

'  Tt  !it{ 

u ' 

5. 19 

5.5S 

12 ' 

5.20 

5.00 

7.04 

7.60  !  5.7:) 

5.18 

5.00     5.20 

5.30 

13                                     ;          1 

Ti  *Z\ 

5.(53 
5. 70 

7.a5 
7.3:3 

7. 45     5. 70 
7.38     5.68 

5.20 
5.46 

6.02 
5.(6 

5.20 
6.20 

5  30 

I ~ 

M 5.21 

5.30 

IS ' 1 5.25 

5. 78 

7.4« 

7.35  !  5.65 

5.33 

5.06 

5.20 

6.30 

16 1 

1  5.27 

5.85 

7.50 

7.10  !  5.65 

5.25 

5.08 

5.20 

5.30 

17 i 

i  5.27 

5. «.« 

7.60 

6.90     5.64 

5. 18 

6.10 

5.25 

5.:« 

18 

'  5  2(5 

0.30 
0.48 
0.64 
0.50 
0.21 

7.6:) 
7.40 
7.25 

7.00 

6.8:) 

6.75     5.(10 
6.tt5  '  5.50 
6.6S  :  5.50 
(J.  57     5.50 
6.55     5.51) 

5.18     5.10 
5.18     5.10 
5. 18  1  5. 10 
5.18     5.:)8 
5.15  '  5.:)9 

5.25 
5.25 
5.25 
5.25 

5.28 

5.30 
5.30 
5.32 
5.:)S 
5.32 

N 

1  .f-v  27 

».                                         1           '            ^  •^*-** 

21                                           '           '              5  21 

2 : 1 5.21 

a 1 :  5.22 

5.1*5 

6.7() 

(V53     5.46 

5.15  1  6.3:) 

5.29 

5.32 

U 1 5.22 

5.90 

6.65 

6.50  '  5.42 

5.15 

5.36 

5.30 

5.32 

25 1 1 [5.23 

5.93 

6.55 

6.40  I  5.40 

6. 15 

5.28 

5.30 

5.32 

« 1 1 5.24 

6.00 

6.80 

(J.  31     6.40 

5. 15 

5.25 

5.28 

6.32 

27-                                       1           '           1525 

6.04 
6.08 
5.99 

7.50 
7.88 
8.5:) 

0.20     5.35 
6.19  j  5.33 
6. 18     5. 28 

5.15 
5.18 
5.20 

5.25 
5.25 
5.25 

6.28 
6.28 

5.28 

5.32 
5  2)2 

». ...                                                '              5.25 

» S-36 

5.:i2    

30 1 1           L'i.2i 

6.05 

8.80 
9.20 

6.14     5.25 

1  R  9R 

6.20  1  5.25 

5  17  ' 

5.28 

5.28 

5.32  ! 

31...                                               1 

5.27 

1 

1 

1 

"River  frozen. 
Rating  table  for  Ihiciienne  River  at  l^rice  Road  Bridge,  Utah,  for  190:2. 


hei^t. 

5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 


Discharge. 
Second-feet. 

200 
280 
380 
500 
630 
780 
940 


1^.   i  Discharge.      j^^_    ,  Di^-har^e.   ;   j^.    ;  Di.-hargo. 


Feet. 
6.4 

6.6 

6.8 
7.0 
7.2 
7.4 
7.(5 


Sevtnid-feet. 

1,120 
1,320 
1,520 
1,760 
2.000 
2,240 
2. 520 


hWt. 

7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 


Setutnd-feet . 

2, 840  ; 
3, 160 
3,550 
3,980  ; 
4,440 
4,900 
5, 360     I 


Feet. 

9.2 
9.4 
9.6 

9.8 
10.0 


Secoud/eef, 

\      5, 820 

I       6, 280 

6, 740 

7, 200 

7,660 


58 


STRKAM    H^AaURFMETTTS   irT   lfK12,   TART   tV, 


Estiimtted  t^u^nihly  discharge  of  Dii4^hesne  Miver  nt  Pricp  RtHut  liridgr 

[BwtluAgH  are*,  ?,7lfl  aqtuw*  mUem.  ] 


a  Jan.  1  to  Mar.  10  and  Dec.  1-^  river  frosen;  qnantttfes  estimated. 


LAKE  CREEK  AT  WAGON  BRIDGE  (NEAR  MOUTH),   UTAH. 

The  permanent  gage  rod  at  this  place  consists  of  a  1-inch  by  4:-inch 
by  8-foot  board  nailed  vertically  to  the  west  abutment  on  the  lower 
side  of  the  wagon  bridge  near  the  mouth  of  the  creek.  Bench  mark 
No.  1  is  a  nail  in  the  abutment  opposite  the  4.50-foot  mark  on 
the  rod.  Bench  mark  No.  2  is  directly  over  the  gage  rod,  and  is  the 
head  of  a  wire  nail  in  the  southwest  corner  of  the  bridge  upright.  Its 
elevation  is  5,066.58  feet.  The  elevation  of  the  zero  of  the  rod  is 
5,055.99  feet  above  sea  level,  according  to  the  hydrographic  survey 
datum.  The  elevation  of  bench  mark  No.  2  is  5,129  feet,  referred  to 
the  topographic  survey  datum.  The  elevation  of  a  regulation  iron 
post  bench  mark,  150  feet  east  of  the  bridge,  is  5,127.55  feet,  referred 
to  the  latter  datum.  The  bed  of  the  stream  is  composed  of  medium- 
sized  cobblestones  and  forms  a  fair  section.  During  flood  stages 
measurements  are  made  from  the  bridge,  but  at  other  periods  they 
are  made  by  wading  at  a  point  about  4(X)  feet  below. 


»i 
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Dutharffe  measurements  of  Lake  Creek  at  wagon  Irridge  {near  mouth),  Utah, 


Date. 


19Q2. 


Hydro^apher. 


C.T.Prall. 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do  .... 

do    ... 


March  21 

March  28 

April4 

April  11 , 

:■   AprillS 

1    April25 

'    May2 

<       May9 .' 

May  16. 

May  23 

May  30 

Jnne  6 

JimelS 

Jnne  20 

June  27 

July  5 

July  11 I  PraIlandRee<l 

July  19... H.S.Reed 

July  25 do 

August  1 1 do 

August  9 \ do 

August  15 1 do 

August  22 1 do .. 

AQgr8t29 ..L.-.-do    

September  5 j do 

September  12 I do . 

September  19 .J do 

September  26 .1 do 

Octobers I do 

October  10 ! do .. 

October  24 ' do    

October  31 do 

November  14 ; do 

November  21 j do . 

November  28. do 

November  28 do 


'I 


Decembers i do 

December  13 do 


hei^t 

;  DiM!harKe. 

Fett. 

Seamd'fcet. 

1       1.86 

93 

i       1.92 

103 

1.92 

105 

1.90 

103 

'       1.90 

103 

2.00 

121 

.      2.04 

133 

2.  m 

226 

1       3. 20 

651 

'       2.70 

358 

5. 85 

2,367 

4.93 

1,735 

1       4.10 

1,144 

I       3. 10 

049 

2.70 

4.54 

2. 55 

357 

2.30 

222 

2.25 

173 

2.05 

141 

1.95 

106 

1.92 

98 

2.06 

141 

1.89 

89 

1.93 

110 

1.80 

79 

1.80 

76 

1.85 

86 

1.95 

105 

1.92 

103 

1.90 

94 

1.92 

99 

1.90 

96 

1.90 

98 

1.93 

97 

2. 50 

127 

2.50 

162 

2.00 

106 

1.82 

76 

10        '             OTREAM    MEASHREMKNTB    IK    lIMit*,    PARI 
Pail^  ga^e  height^  in  fa't^  of  Lak€  Crftk  at  wtigmi  bridge  { 

*    IV. 
scar 

B^. 

1           J 

Ibr.lAjo'. 

Hay. 

JuBe^ 

JuIt.Iavir. 

1 

B«pt. 

Oi^t. 

H<W. 

Di 

ir:E~; 

M 

1 

tfil 

!...-.. 

...,« 

i^n 

4.89 

i.is 

....„ 

l.flO 

lot 

...«. 

«, 

— 

^"-— -' 

^--,. 

-„.-- 

*""'*^ 

-- 

3k  aa 

— 

i.n 

-,,.,. 

hm 

'" 

1^ 

hm 

I-' 

*••**• 

LSO! 

%m 

w. . 

-.,.^ 

"™ 

tr,r  — 

4.»4 

1.60 

Ltfl 

"- 

t«Q 

1" 

&ia 

.-.,., 

*4l.«^t 

t» 

'*-' — 

-.<.- 

-- 

I.ID 

...„- 



s.ai 

■"► 

^Bft  •«a.4.^*_.4to.*,.  A^  )'»•'••••  ■ 

•^T-^*, 

^. — 

-^T'^ 

-"— j 

11.10 

^.^., 

Lie 

.... 

|p — . z 

~""'^ 

9,01) 

aio 

"" 

i :::: :::::: 

^ 

Lm 

»5-  ,    .. 

lEfi 

W, ., , 1   .    .      r __ 

l.ffi 

m 

ITO 

*».   -*,«.«-— 

L9i 

e.fii} 

L«a 

a>  .-.•„.-. ..**„-^„,.„ 

ii.«9 

«!,,„. .,„,.. 1 

1.90 

""T"" 

aBirer  ftfv^eeiL 


COLORADO   RIVER   DRAINAGE    BASIN. 

EstUnated  nwnthly  dvtcfiarge  of  Ixtke  Creek  at  ir<tgon  bridge, 
[Drainatce  area,  475  Hcitiar<*  miloM.] 


(51 


Month. 


1902. 
Jannary  «  . . . 
Febmary  . 

larch  fl 

April 

May. 

Jnne 

July 

Augnst 

September  . 
October .... 
Norember 
December  a. 


The  year . 


Difichargo  in  Mxrond-feet. 


Maximum.  I  Minimum. 


180 
2,700 
3,000 
406 
141 
105 
104 
162 


3,000 


103  I 
132  I 
418  I 
110  j 

89  ! 

76  1 

94  I 

96 


76 


Mean. 


90 

90 

97 

109 

718 

1,238 

220 

108 

88 

97 

109 

90 

264 


Total  in 
acre-feet. 


5,5:^4 

4,998 

5. 937 

6,512 

44,  KW 

73, 700 

13,5(M) 

6, 650 

5. 232 

5. 994 

6,51; 

5, 534 

184,271 


Run-<»ff. 


Second-feet  rk*»«*K4« 
p«r  square  ^Pi^}" 
*^mile.  *°^^«»- 


I 


0.19 
.19 
.20 
.  23 
1.51 
2.61 
.4(5 
.2:^ 

.18 
.20 
.23 
.19 

.54 


0.22 

.20 

.23 

.26 

1.74 

2.91 

.53 

.27 

.20 

.23 

.26 

*>9 


7.87 


(I  Jan.  1  to  Mar.  15  and  Dec.  18  to  31,  river  frozen;  quantitiefl  eHtimated. 
Note.— The  daily  discharges  were  obtained  from  the  diw^barg e  meaHurementM  by  interpolation. 


UINTA  RIVER   AT   FORT  DUCHESNE,    UTAH. 

This  river,  on  its  emergence  from  its  canyon,  spreads  out  in  numer- 
ous channels  over  its  flood  plain  until  it  reaches  a  point  a  short  dis- 
tance above  Fort  Duchesne,  where  its  watei*s  arc  collected  into  one 
channel.  Whiterocks  River  enters  some  distance  above  this  point. 
A  number  of  canals  for  the  use  of  the  Indians  divert  water  between 
Fort  Duchesne  and  the  agency.  On  the  west  side  are  a  number  of 
small  ditches,  which  in  the  aggregate  take  consid(»rable  water;  but  the 
amount  is  difficult  to  estimate.  On  the  east  side  are  two  principal 
ditches,  known  as  C'anal  No.  1  and  Hench  ditch.  This  station  was 
established  September  14,  1800,  in  connection  with  the  investigation 
of  the  water  supply  for  the  Uinta  Indian  Reservation,  and  is  located 
at  the  highway  bridge  at  the  fort.  The  permanent  rod  was  established 
November  8,  1890,  and  is  nailed  to  the  southern  end  of  the  east  crib  of 
the  new  bridge.  The  bench  mark  is  a  nail  is  the  southeast  crib  in  the 
first  header  above  the  bottom  and  is  at  an  elevation  of  4,010.13  feet. 
The  elevation  of  the  zero  of  the  rod  is  4,007.20  feet. 


'68  STKEAM    MKASUKEMKNTS    IN    \WZ,   PABT    IV. 


Dtito. 


JtinttHiry  31, , 

!  January  11 

JmiTiary  I  (j 

February  <l.  __^_. 

February  13. .,. . 

February  3i> 

Fei^niary  27 
[  HttTcli  T . . 
(Hftrch  13.  .. 

hH4Tvb:^G. 

1  Aprils 

April  9 

April  15  _,,_.,, 

j  April  2S 

'  April  ;jo. -...__. 

May? ..... 

May  14 

May  21 ..,.: 

May  3J^ 

June  5  ..___._..- 

Juno  11 .__, 

pTnue  18 

JtineSS ..., 

JtdyS  , 

JtUyB  ,,. ._ 

Jialyie - 

July  23  ._._,.... 

Jnly30 

Angnst  7- , 

Aiignet  X4-.. 

Au^fmst  21 

Atigtist  *28 

September  4 

September  11 

Septemlier  W 


•  *mt^»»mmr*-* 


Ily  dn  iffrapliisr. 


. ^..r•-•■--»■4-^•^« 


0.  T.  Prall . 

do 

.^..-do „, 

.,  -  do  

._,.do 

, , , ,  _  do  ,...,_... 
....  do 

..         do 

d<i . . 

dr. 

,..   do 

do 

„.,..4o .,.. 

....do, 

...do 

do 

...do 

..,.do  ..,,...,, 

,..do   .    .  .,, 

_,.^dr*  -*^,..,. 

,...d0    .   , 

do  ....,..„ 

.„-dfJ .  . 

,,  -do, .., 

.  .-do -  - 

Prall  and  Reed . 
H*S.Eeed..---_ 

...do ... 

do  _.-__, 

....do  ......_. 

....do......... 

....do  ,.^ .,- 

...do. ,. 


SeptemlMjr  21. ..^.  ,.L*-,_do  .. 

September  35 .L do  *. 

October^  _...... -'..--.do  -_ 


Jitfi^it. 


2,70 

2<ru) 

3.66 
3.7U 

2,m 
2,157 
S.7S 
3.90 
3.42 
4.B3 
4.&5 
3.93 
3.35 
8,13 
H,  IS 
2.8« 
S.80 
2.67 
2.50 
S.441 
2.50 

!iS.49 
^.40 

2.30 
2.43 
3.10 
2.  Tm 
2.53 


M 


JV«|.      JSfci 


(»} 


«Ioa. 


]  COLORADO   BIVEB   DRAINAGE   BASIN.  ()3 

Daduirge  mecumrements  of  Uinta  River  at  Fort  DficfwHtie,  Utah — ContiimtHl. 


Date. 

Hydroirrapher. 

hei^l 

Feet. 
2.55 
2.55 
2.58 
2.61 
2.80 
2.70 
2.62 
2.60 
2.81 
2.90 

DiMchargo. 

1902. 
October  8                 

H.S.Reed          

Second-feet. 

67 

Ortober22           

..do      

70 

October  30            

do 

66 

November  5       

do 

77 

November  12 

do 

151 

KoYember  19         ...... 

do - 

114 

Korember  26 ._ 

do -.-. 

65 

December  3    

do 

56 

December  9 

do 

105 

do             

83 

December  26 

..     .do    

92 

DaiXy  gage  height,  in  feet,  of  Uinta  River  at  Fort  Duchesne,  Utah. 


Day. 


I.... 

:.... 
u 

5.... 


Jau.  Fttb 


<•) 


(«> 


Har. 


Apr. 


^m 
%m 

SLID 

t,  711 


2. 

70 

2. 

70 

2. 

72 

2. 

65 

2.a5 

2. 

70  , 

f,7& 

t,m 

2.e» 

%.m 

t,f^ 
t.m 

%m 

ZM 

±m 

£53 
2.54 
2.56 
2.ti0 
2.70 
2.80 
2.68 
2.66 
2.66 
2.60 
2.60 
2.60 
2.60 
2. 58 


May. 

June. 

4,m 

July. 

%m 

3.14 

£.AS 

*,06 

a.  IT 

x^«& 

II.90 

3.  OB 

tM 

S.0& 

3L05 

±M 

a»6 

%0H 

%M 

i].a& 

aoQ 

S,7fi 

fl.03 

rstj 

%.^ 

3.10 

SlSS 

^.m 

Lm 

S.87 

asft 

n.m 

1% 

3v48 

a  74 

8.83 

an 

aia 

*.«1 

%.m 

aTo 

£.«0 

B.m 

2M 

t.n 

aM 

3.W 

1T4 

4,0) 

3.48 

*73! 

im 

sise 

B.7>( 

Au(f, 


3.  BO 
a  .'S3 

a  19 

3.50 
4. IB 
4.4i& 
4.4^ 
4  10 
4.14 


3.SB  I 
3.£5  < 
3,24  I 
3.  a)  ' 

a.  IT 
an 

3.10 

a  10 
a  10 
a.  10 
all  I 
ais 


S.79 

2.71J 

£,flH 
2.R5 

£.fil 

3.50 

e.4T 


£.4R 
2.40 

£.41 

e.w 

S.40 
2.W 

8.40 
£.40 

Stir 
£.« 
S.filJ 

z.m 

2.4G 
£,40 

±^ 
t.m 

S,3K 
2.Sj 

t.m 


Bept 


i.4T 

£.4S 

£,41 
£.30 
».3T 

s,a& 

£.3& 
f,3& 
£.3& 
S,37 
ie.38 
2,3M 
?.^ 

£.40 

\  £.M 

£.ri£ 
3.  a* 

2.  ,"42 
£.5£ 
£.&£ 
S.5Q£ 


Oct. 


^.53 
Z.50 
£.5S 

j  ^'^^ 
t53 
£.54 
£.£5 

t.m 
2.m 

I  £.58 
I  *  W 

;  s.B^ 
I  a,57 

I  2,56 
'  2.W 

!  t.m 
'  2.iie 

I  2,50 
;  £.56 

;  tn^ 
I  tM 
I  £,5>* 
:  tM 
I  t^ 
I  £.00 

z.m 

£«> 


NoY,  iDec 


I 


£.SA 
£,5H 
2.60 

£.60 
£.flO 
£.6(1 

2.00 

£.e« 
f.n 

£.«; 

£.Sft 
2.«8 
£.04 
£.65 

2.  TO 
£.70 
£.70 
2.70 

S!.70 
£.70 
£.«£ 

£.a» 

£.«a 

2.W 


£. 


iLflO 

£.«0 

£.eo 

£.53 

t.m 

£.70 
£,75 
£.«0 
£J0 
£»> 
£,»! 

£.ar) 

£.0£ 
*57 
£.53 
£.4M 

t.m 

tM 

£.«0 


\ 


o  Hirer  frozen. 


fm 


fi4  E5TREAM    MEA^srREMKNT^^    IN    IfKG,   FART    IV, 

k  letting  ifthy  ftfT  Viuhi  Hir^r  til  Fm*!  Dnrhi'sne^  Utah,f(H-  J^J, 


r»f*. 


M^ 

DixKtmciitk 

^f^k 

&i«c.-iwn!tii. 

». 

mKTlmnn». 

iwiirki^ 

DiH3li*rfieL. 

8.i 

4  J 

ll.Wt 

0.4 

40 

S.Jl 

S70 

4.U 

i,4a3 

n.i 

a,afl8 

3,5 

na 

8.4 

420 

4.  a 

Mian 

na 

8,472 

i.# 

^ 

8.5 

500 

4.4 

t,840 

5.3 

9,o:« 

5,7 

im 

3.  a 

sm 

4.r> 

i>tm 

5.4 

s.»m 

2.8 

too 

a.7 

em 

4.5 

^,im 

ri.5 

*.tm 

3*9 

"Mi 

3.« 

770 

4.7 

:S.43!> 

J 

^.0 

INO 

a.n 

890 

4.« 

2,tm(j 

a.i 

sao 

4.0 

1 

1,050 

4.a 

1^,800 

^             1 

1 

niwJmfVW  tU  BCMS^mdnfClQl.. 

per  ^uarE> 

1 

■       Tifnntli. 

JlASJmtttii^ 

HtnJinttnt 

M<wti. 

i     imn. 

1 

mxiUAry  " . . 

l*2r> 

7,*JM0 

o.io 

0.22 

l:o 

Fe>>niary  '^    , 

\m 

7*220 

.10 

.20 

M 

MarfU 

tm 

.W 

UB 

7,  im 

AH 

,21 

.H 

April   .... 

IflO 

70 

9H 

5,  mr 

.t.-s 

.17 

.70  f 

May    _....._ 

2,01>3 

&3 

mi 

4iK  7fK{ 

jm 

1.14 

.80 

jTine.^.,.^*. 

1 .  CIBO 

3H0 

022 

.S7,U12 

.98 

1.04 

.SO 

Jnly 

«0H 

,S4 

158 

0,720 

.34 

.28 

M   1 

AuRTlAt    .,.,,. 

60 

24 

4S 

2.  G70 

.00 

.07 

.00 

Septemln^  ,^, 

sava 

80 

54 

3,217 

.Ofl 

,(m 

1.46 

Otitobt^r    --.., 

its 

00 

751 

4.H52 

.12 

.14 

.00 

November.^-. 

isa 

00 

103 

0, 1152 

.ir* 

p17 

.00 

December**.^, 

m 

5,2ai 

An 

.15 

M 

The  year. 

2,00(2 

24 

mi 

137.4fil 

.21^ 

3.88 

L^ 

a  January  1  to  March  1  and  I>H'em})«r  21  to  HI,  river  frozen;  <iuantities  estimatod. 

NoTK.— Daily  diw^har^ros  from  November  2«  to  Docemlxir  :U  wen?  obtained  from  the  discharge 
measurements  by  interix)lation. 


OOIiOAADO  BIVEB  DBAIKAGE   BASIN. 
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UINTA  RIVBB  NEAR  WHITEROCK8,  UTAH. 

he  fall  of  1899  an  investigation  of  the  water  supply  of  the 
lan  Reservation  was  begun  by  Cyrus  C.  Babb,  and  in  this 

a  number  of  gaging  stations  were  established.  Uinta 
rges  from  its  canyon  about  10  miles  northwest  of  the  Indian 
Whiterocks,  and  at  this  point  a  gaging  station  was  estab- 
member  16,  1899.  The  gage  rod  is  a  2  by  4  inch  timber,  12 
bolted  to  two  trees  on  the  left  bank  of  the  stream.  The 
k  is  a  nail  in  an  aspen  tree  125  feet  north  of  the  rod,  and 
m  is  8.93  feet  above  gage  datum.  During  flood  stages  dis- 
iisurements  are  made  by  means  of  a  car  and  cable,  but  at 
bages  they  are  made  by  wading.  The  bed  of  the  stream  is 
strewn  with  large  bowlders,  and  the  station  is  not  altogether 
y,  on  account  of  the  roughness  of  the  channel.     During 

the  velocity  undoubtedly  will  be  great,  owing  to  the  rapid 
water.  A  few  hundred  yards  above  the  station  an  impor- 
ary  comes  in  from  the  east.  At  the  present  location  a  sec- 
el  has  io  be  measured,  but  it  will  never  carry  a  largo  volume 
Farther  down  the  stream  a  number  of  larger  channels  are 

that  it  is  difficult  to  obtain  a  satisfactory  st.ation. 


harge  meatmrements  of  Uinta  River  near  Whiterocks^  Utah. 


Date. 

Hydrographer. 

'     Gage 
;  height. 

Dicicharge. 

902. 

C.T.Pr 
do  . 

all 

1     Feet. 
■       0.90 

Second-feet. 
126 

..   .'        .85 

144 

....  do 

....'        .90 

128 

....do 

.65 

124 

do 

.65 

123 

do 

....        1.00 

160 

do  . 

.75 

123 

do 

.85 

152 

do  . 

....1         .75 

126 

do 

1 

'         .90 

178 

.     .do 

.80 

144 

...     do 

.76 

129 

...-do 

.   .  '        .92 

179 

do 

....i        .82 

148 

do 

.92 

1.70 

1      1.60 

179 

..do 

538 

do 

507 

85—03- 


m 


STREAM   MEABUBKMKNTS    IN    UI02,   PABT    IV,  f 

Dmcliurge.  m^atturemimtii  of  Uinta  Ri^mr  tiear  WhiierockH^  Utuh — Omttii^ 


Di^t^^ 


P  1009. 

MiiySft  --. 

JuoeS  ..*-.,.,,,,,-, 

JnwcrB     -.^.... - 

Jnno  t<)  .,..-,-. -. 

June  23  , .^. -.-, 

Juneart       _..,......, 

^yr...-.„„ ..,..., 

j!sayl4_„,-....._- 

July  SI .- -— . .— _. 

JnlySK    ....     .     ,  _„._, 

Augunt  4 ., . 

Angiiflt  n.^,.--.,^..*- . 

sAttgust  19 


HyclrcsKtuphisr. 


jLngnst  25 .,- _.  _ 

Septemljerl ,*„ 

Septeml)er  H       ....,*._,, 

September  15  ,,, ,..^-.. 

September  ^3 

September  *Jfl, 

Octot>er6 , ,__ 

October  30.., _„.„- 

Octobers? ...,..,,, 

November  3,., .,,,,.,_ 

Do._ „„„- 

Ko venit)er  1 0  .  ^ ,  ,  _  _  ^^ ^  ^ 

November  17 ^,, 

November  S4_^^^...._ 

Det-ember  1  ^ ^.__.-^-.,. 

December  17 

December  23 _. . . ^ .. . . 

December  30  , , , , _  _  _ . 


.   C.  T.  PralK , 

'.--..dp  ,_„. 

..„,ao ..-..-,. -, 

.....do  __.„.„„,..__, 

....do-. ....,_.. 

^ — dd.-..  — .^.,*,,,,,  ^, 

do  .  . 

CTPrall  and  H.S,  Reed, 

H.S.Reed.- 

...do-   ,... ,.....- 

do. ,„._. 

____.do-.-, 

do  _ _ . 

_.  _.d<i..._ , ,.. 

....Ao,,,.. -„...., 

do _,_ 

do.-.-.™.. -_- 

....do,.. .-....___. 

du _..._ 

.....do 

„_„do  .„..-.-.. 

...do    ................_ 

...do,.,,,,...........-. 

do........... 

do__. _....._.„ 

d«    .,.. . 

.-do ......... 

.....do. ......  --,........ 

do  ..... . 

...do . 

do  ........ 


le^^ 


hetrl 


1,7» 
0.00 
a,  13 
LT5 
J.Kl 
1.45 
l.m) 
l.^ 
t.10 
1. 10 
LOS 

\.m 

1. 00 
.UT 

1.00 

,9a 

1.00 

.«s 

.98 
,dO 
.90 
.90 
.90 

.da 

.90 

1.07 
\.2S 

.m 

1.50 


Diat! 


IfelMH 
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DaUy  ffoge  height,  in  feet,  of  Uinta  River  near  Whiterocks,  Utah, 


D«f. 

•^ 

Fob. 

War. 

Apr.' 

M., 

jtUM*. 

Jolf. 

Ai«. 

S«|»t. 

Oct. 

Not. 

Dec. 

mm. 

1.10 

]  07 

1.00 

%M 

a90 

IM 

o,fti 

aflo 

an 

o.ao 

i.aD 

M 

113 

aio 

-TO 

«0 

* 

\M 

1.70 

.85 

.% 

l.K» 

.m 

l.t< 

M 

,m 

.fiO 

IM 

\M 

1.00 

.19 

.m 

1,10 

3.00 

LU 

.8S 

.m     .^ 

-» 

wr 

1 

L7S 

.n 

. 

M 

LH) 

1 

.96 

\M\ 

1  SO 

-m 

; 

1         1 

I 


HTKEAM    MKASUREMENTS    IN    1902,   PAKT    IV. 


rito.ft. 


Estifnnied  monthly  dUchargt^  ttf  Uinta  Hiw^r  n^ir  Whiteto^^  IHuh.^ 


I 


K^aitb. 


Kutiary 

dan-h  _  _  _  _ 

Lpril  - 

itoy  -^ 


rtay-- 

Ln^nst 

bpteuil>e)r  _  _  „ .  ^ 
>ctober  _ 

)i3eember 


i 


The  year . . 


Diflobar^e  in  soisciiul-feiet. 


J 
HiUElmtun.    Mlntm&niH 


144 

i4n 

178 
1^5 
1,300 
1,000 
480 
200 
1T7 

led 

147 


1,300 


138 

im 

IflO 

\m 

107 
160 

140 
1^ 


Mmlil 


\m 

1S7 
144 
\U 
G55 
066 
362 
181 
167 

Ids 

125 


Tmi^l  it] 


123 


7,063 
^687 
9J64 

34,114 
a»,579 
10,133 
11,144 
0,  923 

a,2GQ 


109,0^ 


Ihm-<ilL 


Second-fecit 


0.03 
.58 

.71 

8.05 

l.tJO 
,83 

.70 

.57 


0.71 

.TO 
5.40 

M 
M 
.71 


1,07 


1458 


allailj  diKfaflj-gea  woire  obtAined  ^tmi  the  d$iacharg«  meavoTQiadfils  bj  interp^lAtion; 


WHITEROCKS  RIVER  NEAR  WHITEROCKS,  UTAH. 

A  gaging  station  was  established  in  the  canyon  of  this  river  aboii^ 
10  miles  above  the  United  States  Indian  agency  at  Whiterocks  ot^ 
September  15, 1899,  by  Cyrus  C.  Babb,  in  connection  with  the  inves*^ 
gation  of  a  water  supply  for  the  Uinta  Indian  Reservation.  The  g^ 
rod  consists  of  a  2  by  4  inch  by  12  foot  timber  bolted  to  the  triple  tru^ 
of  a  tree  on  the  left  bank  of  the  stream.  The  bench  mark  is  a  n^ 
in  a  burnt  tree  50  feet  east  of  the  rod,  and  is  at  an  elevation  of  10.  ^ 
feet  above  gage  datum.  During  flood  stages  discharge  measuremei^ 
are  made  from  a  car  and  cable  200  feet  above  the  gage  rod.  A 
ordinary  stages  they  are  made  by  wading.  The  bed  of  this  river 
rocky,  is  strewn  with  large  bowlders,  and  although  permanent  i 
character  is  not  altogether  satisfactory  because  of  the  fact  that  it  i 
impossible  to  obtain  accurate  soundings. 
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Diteharge  measurements  of  Whiteroeks  River  near  Whiterocks^  Utah, 


Oaffe 
height. 

Discharge. 

Ii>et. 

Second'/eet 

0.80 

52 

.90 

48 

.70 

89 

.75 

40 

.70 

47 

1.10 

44 

.70 

47 

.70 

47 

.78 

56 

.78 

54 

.73 

46 

.86 

66 

.88 

66 

1.12 

101 

2.10 

429 

1.75 

293 

2.75 

851 

2.20 

490 

2.00 

425 

1.70 

276 

1.40 

169 

1.40 

166 

1.23 

133 

1.05 

91 

1.03 

77 

1.00 

78 

.^7 

68 

1.00 

70 

.95 

64 

.90 

63 

.93 

61 

.87 

49 

.90 

51 

1.00 

67 

.90 

59 

.87 

56 

.85 

51 

.83 

47 

.80 

46 

BTKKAK  KEASFREMENT^  IN    l^ft2,  PAKT  TV.  r»oi&^ 


DfttOw 


My^rttfpxs^»T. 


l^t.     ^^»^' 


Kovember  U 

November  lrt_^., 
IIgT0iiiber  25.*.. 
SffCember  2  ..... 
December  18  ._.. 

December  34 

December  31  .... 


H.  3.  Reed. 


AicvN^r^.r 


^  * 

m 

1 

41 

-  c 

40 

L 

w* 

Ift 

r 

P 

'       DaUtfgagrhf^tJn 

/*l5*i 

of  Whiierta^-M  Rityrr  nrf ir  IVhitt^rttek^,  I 

[7^€*A. 

B*T^ 

Feb.  Mftr.  Afir. 

MMy. 

Jums 

j„i.. 

At^jSn^. 

n.t. 

Nor, 

D«a 

1 

6.71 

L«) 

»„„„,..-...>.-.,.-—« 

%m 

ill 

Ia  ».    - 

IM 

a.  10 

0.60 

..„.. 

gA   S    ^      ^ 

aw 

i- 

l.lfl 

— i 

...... 

111 

.m 

&«r 

-.,-« 

r*'' 

.1^              .  ■ 

a«i 

■"- 

..-*., 

.^ 

1 „_. ..__ 

..„.,: 

K*r'** 

«,„ .,„„__ 

.-..„ 

acitj 

ID^  ,.            *,- 

11. _ ,„._ 

O-TO 

.70 

>8S 

__^,_ 

IS, 

l.OQ 

-" 

IS.    ,     ,       - 

&10 

H 

.TO 

JJl. 

,« 

LOft 

--- 

.m 

,^- 

U .  , 

.** 

IT 

LTO 

*^ 

18.,*     . 

.71^ 

.70  j 

M 

.on 

U^ 

It 

»-- 

VIS 

, 

w^- 

JR.   ,„. „,., 

■"'■" 

.81 



a^— .,-,.,..- _ 

•" 

i.oe 

^.. 

iB-„.  „,„„,,,„.,.,..,. 

lot! 

_____ 

»4._„ _ 

Lia 

-** 

»,. .._., 

,ro 

^* 

ae, ,.-,.__„...„.„ 

,00 

.-„, 

— „- 

^, 

g:...... _ ,„ 

I.7S 

^_ 

ffi      .               .  .  ^ . 

.^ 

^^ 
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.81 

LOO 

"\^ 

VO 

*" 

,» 

,--.., 

-..«, 

ai .,.,.,.,..„.,«... 
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aied  monthly  discharge  of  'Whiterocks River  iiear  Wliiterocks,  Utah.f^ 
[Drainage  area,  114  square  miles.] 


Discharge  in  second-feet. 

Totel  in 
acre-feet. 

Run-off. 

•nth. 

Mean. 

48 
41 
48 

Second-feet 
per^s^uare 

0.42 
.36 
.42 
.50 
4.13 
3.05 
.96 
.59 
.50 
.46 
.42 
.39. 

Depth  in 
inches. 

K)2. 

54  i               41 

2,924 

2,297 

2,955 

3,416 

28,947 

20,704 

6,684 

4,094 

3,410 

3,255 

.  2,830 

2,705 

0.48 

47 

55 

71 

1  100 

900 

200 

76 

67 

39 
44 

.37 

.48 

46             57 

76  ,        471 
166           348 

77  1         109 
62             67 
49  '           57 

.56 

4,77 

3.40 

1.11 

.68 

r 

.56 

59  i              47  '          53 

.53 

r 

63 
52 

38  '          48 

39  1          44 

.47 

.45 

)  year 

1,100 

38  1         116 

1 

84,221 

1.02 

13.86 

r  discharges  were  obtained  from  the  discharge  measurements  by  interpolation. 


ASHLEY   CREEK   NEAR  VERNAL,  UTAH. 

stream  drains  an  area  directly  east  of  the  Uinta  Basin. 
i  miles  above  the  town  of  Vernal  the  river  appears  from  its 
and  within  the  next  few  miles  a  series  of  canals  divert  its 
3r  flow,  which  is  applied  to  the  adjacent  lands — Vernal  Val- 
ich  are  extensively  irrigated.  A  gaging  station  was  estab- 
the  canyon  of  this  stream  on  March  15,  1900,  by  C.  T.  Prall. 
ated  at  the  ranch  of  the  observer,  E.  Marett.  The  gage  is  a 
rod,  painted  white,  fastened  to  the  west  side  of  the  single 
he  wagon  bridge. 

ench  mark  at  this  station  was  originally  at  the  4- foot  mark, 
20-penny  nail  driven  into  the  pier  at  that  point,  but  owing  to 
ing  of  the  upper  stringers  of  the  pier  the  upper  fastenings  to 
rod  pulled  out  and  the  bench  mark  has  dropped  one-tenth  of 

0  that  in  the  fall  of  11)02  it  was  opposite  the  3. 90- foot  mark, 
age  readings  have  not  been  disturbed  as  the  bottom  upon 
10  lower  stringers  rests,  to  which  the  rod  is  fastened,  is  of  a 
manent  character. 

launel  is  straight  for  a  distance  above  and  below  the  bridge 
bed  is  rocky.     At  high  stages  two  other  channels  discharge 

1  of  the  water  and  these  also  have  to  be  measured. 


STRKAM  irKAf^nHKMKKTS  T!T  IWSj  PART   TT. 


[SQii 


Tht^  thive>  principal  eanali^  diverting  water  from  Ashley  Creek  Woi 
I  the  flavin f^  Htaiion  are,  in  order  dt>wnstream,   Upper  Ashley  caiu 


llock  Point  canal,  uml  t 'entral  Ashley  cuual. 

XHechmrg^  ftufOMurmti^uU  i>f  Anhieif  Creek  nsat  F€f*»i«r,  Utah. 

^ 

D^tei 

DI*Js«i». 

C.T-Prali                 .  . 

0.60 

t.OO 

.60 

.60 

46.0 

Joly  KJ             _k^„ 

H.S.Reed 

1^.0 

1  November  6     «.._*-^- 

.do 

43. 0 

Deoember  12    ,.^,_^,,>,  ,,, 

do    _,._..,. , 

#.<» 

iMIlf  gage  height,  in  feet,  of  AMey  Cfreek 


VmnuO^  UUk, 


fttf. 

AfQr 

Ifi^ 

Mmt. 

Apr. 

Mmj. 

Jww, 

J«1T. 

A^. 

B.^.- 

Ocl. 

Kar. 
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,      "* 

^m 

^m 

4W 

O.&fi 

IJC 

£.«0 
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M 

,«) 

.m 

M 
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.m 

M 

M 

.an 
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,40 

m 
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,m 
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.no 
.^ 
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.00 

14. 
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1«0 
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£.03 
1.D& 

i.iw 
i.aa 
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1.15 

Lift 
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\M 
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l.flO 
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M 

,w 
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.Tfi 
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M 
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.m 
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.m 
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M 
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.ffi 

.00 

.00 
,00 
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.m 
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.w 
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,m 

.on 
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.« 
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.00 

.40 

iO_-. 

M 
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.&s   i.aj 

SJO 

i.ifi 

W 

.70 

.10 

,m 

,00 

.00 

n 

.m 
.en 

.00 

.m 

.00 
.00 

.00 

.m  1-10 

2.00 
]  lAl 
l.tT* 
LSO 
1,90 

a,15 

1  i,;ai 

1.519 

1.30 

.as 

.it) 
.70 
.70 
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.70 
.70 

.§0 
.75 

.no 

,10 
.10 
.10 

.70 

.05 
,05 

z 
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.00 
.00 

.00 
.flO 
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.00 
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m 

.40 

.40 
.00 

.00 

.on 

m 

.00 

^"" "-     ■    ■      ■ 

.40 

,m 
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.ari 

1,10 

g.fio 
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.7t> 

.70 
.70 

.85 
-6A 

.flO 

.00 

.ao 

^Hti_..._.. 

.m 

,fift 

t.m 
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,00 
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Rating  table  for  Athtey  Creek  near  Vernal,  Utah,  for  1902. 


•A 

DiKlwrgeJ. 

Qftce 
heiglit. 

1  Discharge. 
Second'/eet. 

Gaffe 
height. 

Discharge. 
Second-fttt. 

Gage 
height. 

Fett. 

Discharge. 

1 

Second-feet. 

'   fW. 

Sectmd-ftet, 

^t. 

0.5 

87 

1.4 

202 

2.3 

474 

3.2 

!            774 

.6 

45    I- 

1.5 

>            280 

2.4 

506 

3.3 

810 

.7 

55 

1.6 

258 

2.5 

53H 

3.4 

846 

.8 

69 

1.7 

286 

2.6 

570 

3.5 

882 

.» 

85 

1.8 

315 

2.7 

602 

3.6 

918 

1.0 

106 

1.9 

846 

2.8 

636 

3.7 

054 

;   1-1 

128 

2.0 

378 

2.9 

670 

3.8 

990 

1   ^-^ 

152  ii 

2.1 

410 

3.0 

704 

; 

1.3 

176     1 

2.2 

442 

3.1 

738 

Ettimated  monthly  discharge  of  Ashley  Creek  near  Vernal,  Ctah, 
[Drainage  area,  250 square  miles.] 


Xonth. 


1902. 

Jamiary 

February  ..." 

Harch 

April 

% 

June 

Jnly 

Angnst 

September  .. 

October 

November. . . 
December... 

The  year 


Discharge  in  second-feet. 


Run-off. 


Hasdmiun. 


50 
45 
45 
815 
882 
686 
164 


55 
55 
45 


Minimnm.  >    Mean. 

I 


Total  in 
acre-feet. 


Second-  i 

feet  per  .  Depth  in 
square       inches, 
mile.     , 


Rainfkll, 
in  inches, 
at  Vernal 
7i  miles 
south. 


45 
45 

40 
40 
315 
152 
62 
55 
45 
50 
45 
45 


40  I 


45 
45 
42 

78 

533 

306 

108 

56 

53 

52 

46 

45 

117 


2,777 
2,498 
2,608  ■ 
4,665 

32,765  ; 

18,226  ; 
6,627  , 
3,429  I 
3,096 
3, 103  , 
2,737 
2,767 

85. 29S 


0.18 

.18 

.17 

.31 

2.13 

1.22 

.43 

22 

.21 

.21 

.18 

.18 

.47 


0.21 
.19' 
.20 
.35  , 

2.46 ; 

1.36 
.50 
.25 
.23 
.24  ; 
.20  ; 
.21 

6.40 


0.21 
.51 
.86 
.72 
.42 
.51 
.12 
.46 
.99 
.05 

1.12 
.97 

6.94 


u 


STREAM    MEASLTEKMENTB    IN    1902,  PAKT    IV.  (s 


YAM  FA   mVSK  AT  CKAJClj  COLO. 

Thi^  station  ^^'&.^  establish^  by  A.  L.  Fellows  May  25,  1001,  at 
wagon  bridge  about  1  miie  southwest  from  Craig,  Colo.,  this  p 
being  selected  as  the  most  suitable  station  on  Tampa  Riven 
gage  consiHt^  of  a  v^erticiil  t*  by  4-  iiieh  timber  faat^^ned  to  tlits  m 
abutment  of  the  bridge  on  the  downstream  side,  the  hmI  being  mar 
in  feet  and  tenths  vertitiiilly.  The  w  a^on  bridge  i*^  marked  eve 
feet*  The  ehannel  is  deep  at  this  point,  and  at  low  stages  the  eur 
IS  sluggif^h,  but  measurements  give  good  results,  a^  the  chai 
ehanges  but  little.  Tlie  ol>server  is  II.  Jon^  of  Craigj  who  n 
the  rod  daily. 

The  following  discharge  mea^ui'ements  were  made  during  liKli 
A,  J,  McCune  and  J.  E,  Field: 


I 


July  7:  Cfage  height.  ^i.^A)  feet:  ilL*cliArge,  987  second -feet* 
Octi>b<?r  15:  Gag*^  hmght^  2.30  f^et:  diaohnrge,  24 S  Rec'fmd*ft«t* 

Ikjity  gage  height^  infeat^  of  Tampa  JJitwr  at  Craig^  (Mo. 


D»y, 

Apr, 

aiir- 

Jtme, 

July. 

Am- 

E 

acjo 

a.  en 
a.  ill 

B.TP 

&»> 

T.ao 

THJ 
T.70 
7,5(1 

T.OU 

7,  mi 

7.6R 
T.H6 
7.«1 
ISI 
7.  flu 

7.10 
«.« 

r.io 
e^w 

a.  90 

8.7^ 

fl.eo 

'      fi,44) 

5.  no 

6.10 
AM 
4.7IJ 
4.60 

*.«. 

4.  to 

«.7tl 

».^ 
3. 00 

8,aQ 

&4U 
B.»l 
8.^ 
H.3I1 
3.80 
3,10 
3.Tja 

B.m 

2.70 
2.70 
£.60 
g.50 
e.40 
0.40 

s,eo 

£.«! 
£.50 
S.*l 

e,4«i 

£.30 
£.30 
£.30 
S,30 
130 

£.ao 

£.OT 

IM 

j.m 

LflO 
3.111 
LVO 
1.90 
LflO 
1.90 
1.1» 

1  vo 

S_. ,_ ...,..*„„.. 

^ 

a.„. ...„._ 

».,„.._„,.- .-,..„.. . 
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18«,--......, 
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I  W 
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»._.- ._,.,._.„ .,-..„* - 

S.9U 
5.441 
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4.|fll 
i.H) 

4  W 

n.on 

&.70 
fi.40 

nw 

7  ft) 

l.BO 

a >,,.,. „„.-,„ .^.  _ 

1  flO 

«.- 

1  flO 

m........ ..„«,„, .  * 
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Bating  tcMefor  Yampa  River  at  Craig,  Colo.,  for  im)2. 


fisr.| 

F^t, 

See.'feet. 

1.8 

90 

2.0 

136 

2.2 

ld8 

2.4 

276 

2.6 

370 

2.8 

480 

3.0 

606 

3.2 

748    ! 

1 

8.4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 


Sec'feet. 
906 
1,081 
1,285 
1,520 
1,780 
2,058 
2,352 
2,662 


QtMe 
leignt. 


heigl 


Feet. 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 


Discharge. 

Gkure 
height. 

Sec.-feet, 

1 

;      Feet. 

2,985 

;       6.6 

3,320 

;       6.8 

3,664 

;      7.0 

4,016 

!       7.2 

4,376 

1      7.4 

1 

4,744 

1       7.6 

5,120 

i      7.8 

5,502 

!       8.0 

Diacharge. 

Sec-fret. 

5.891 
6,2a5 
6,68:^ 
7,086 
7,494 
7,904 
8,316 
8,728 


Estimated  monthly  dischnrye  of  Yamjya  River  at  Craig,  (  Utln. 
[Drainage  area,  1,73U  square  mileH.] 


Month. 


1902, 
April 

% 

Jnne 

July 

August 


Discharge  in  Bocond-feet. 


Run-off. 


Maximum. 

Minimum. 

4,195 

370 

8,728 

3,320 

8,522 

825 

1,081 

198 

165 

90 

Mean. 


Total  in      | 

a<"  re-foe  t.    .  Second-feot 
I  per  SQuare 
mile. 


1,797  j 

6,722  I 

3,969  I 

479  I 

115  I 


106,929 

413,820 

236, 172 

29,452 

7,071 


1.04 
3.89 
2.29 

.28 
.07 


Depth  in 
inches. 


1.16 

4.48 

2. 55 

.32 

.08 


QREEN  RIVER  AT  GREENRIVER,  WYO. 

The  gaging  station  at  Greenriver,  Wyo.,  is  at  the  crossing  of  the 
Union  Pacific  Railroad.  It  was  established  May  2, 1895,  at  the  pnmp 
house  of  the  Union  Pacific  Railroad  Company.  The  rod  is  fastened 
to  a  pile  near  the  east  end  of  the  bridge.  The  bench  mark  consists  of 
a  cross  on  the  third  step  from  the  bottom  on  the  south  end  of  the  east 
Hbutment,  and  is  12.48  feet  above  gage  datum.  As  the  section  under 
the  railroad  bridge  is  poor,  discharge  measurements  are  made  from 
the  iron  highway  bridge  about  one-half  mih^  below.  The  station  was 
temporarily  discontinued  during  the  latter  part  of  1900  and  for  part 
of  1901. 

During  1902  the  following  discharge  measurements  were  made  by 
A.  J.  Pai-shall: 

March  31:  Gage  height,  0.48  feet;  discharge,  307  second- fp<»t. 
April  9:  Gage  height,  0.85  feet:  discharge.  096  second-feet 
April  18:  Gage  height,  0.98  feet;  discliarge,  797  second-feet. 
May  3:  Oage  height,  1. 15  feet;  discharge,  958  second-ieel. 
May  28:  Gage  height,  2.20  feet;  discharge,  2,244  second-ieet. 
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VoUlf  gage  fieighi,  in  feet ,  &/  Qrmrk  Mimr,  at  Gn^^rimr^  W^fo, 


f    ^ 

Apr. 

ItaT- 

JmM, 

JolT. 

All«. 

e*pt 

Oet. 

Kw. 

ISttt. 

l„.„_ , .__ 

0.110 
.CO 

.t& 

.SH 
.!» 

M 

IM 

.m 

.90 

tio 

IM 
1.40 
1.10 
LIS 
L40 
L4B 
L4S 
1.JS 

i.ao 

L90 

Lift 
1.M 
LiO 
LIS 

Lin 

LUfi 

l.on 
LOO 
LOO 
LOB 
L13 
!.»» 

h*m 

LS» 

10a 

B.77 
*,7B 
a.  70 

n,m 

1€G 

f.i» 

s.8e 

4.ia 

4.fS 
417 

asa 

a,  47 

M,IE? 
a  77 

i.m 

4.  so 

4,m 

4,ffi7 
4.57 
Lm 
4.  £5 
a% 
JiST 
9,47 

».1S 
«,rir 

ans 

3,13 
»J7 
3.35 
3.35 

lew 

aw 
i.8a 

t.s* 

a4H 

e.s8 

a  IS 

a.  10 

«:!& 

lift 
£.lfl 

«.(.« 
i.m 

I.W 
L85 
LH& 

LaOi 

LflO 
LSD 

l.W 

i.er 

LIVI 

LAS 
LIS* 

Lfia 

L  ifi 

L4il} 
L3I 
L35 
L3tt 
LSD 
L« 
L80 
LBO 

i.m 
i.ai 

L» 
Li9 
L«* 

i.m 

LM 
LSt^ 

i.£0 
«.»0 

LS& 

1.10 
LIO 

LIO 
106 

LAG 
Lm 

LiU 

Lno 

.BfT 
.lift 

Mi 

.m 
.m 
,rj 
.a 

-75 

.96 
LllO 
.115 

.m 
.m 

M 

,^ 

.M 
M 

:m 

M 

.m 

.50 
JSO 

.50 
.W 
.SO 
.ISO 

.50 
.SO 

.50 
.Ml 
.50 

.m 

m 
.m 

.4^ 
.45 
,4& 

,4& 

'    nil 

£.      . 

3.„. .-„„,. ,,..  ,,.  .  ,„.... 

1 

fi_ ,..„. 

«...„.,-.„„..„„„,  ,  ....-,    ,, 

T. .„„„._. ,„.,„. 

«„.„ 

S_„. ...„,,,„.,.,.„ 

JO -..._. .-. .- 

-.»«,, 

11      .. 

ia_„,_  , 

la... .„.„..-„.,. 

u -., „ 

i& -„ ..„,,.., „ 

17--„.„, .-..„ 

ii_ ,     

19. ,„.,,.._.. -.„. _... 

10 

n............ „„ 

m... ,. „„.. 

m., „. 



lL-„, 

m..... .„ , 

fiS,,.,.. .., 

,.„...- 

m.. , .  „„..-.,., :,. 

m.......... .......... ....^ ., 



!!.„,„_ 



Mating  tfihhfor  Greeft  Rivef  ut  Greenrivm'y  Wyo.^f&r  J9O0. 


height. 

Discharge. 

Gage 
height. 

Discharge. 

i     Gage 

1  height. 

Discharge. 

Oaee 
he^t. 

Discharge-l 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

'     Feet. 

Second-feet. 

Feet. 

Second-fe^^- 

0.1 

30 

1.2 

1,055 

1       2.3 

2,430 

3.4 

5,8213 

.2 

90 

1.3 

1,165 

2.4 

2, 630 

3.5 

6,18^ 

.3 

160 

1.4 

1,275 

i       2.5 

2,860 

8.6 

6,55^ 

.4 

240 

1.5 

i,3a5 

2.6 

3,130 

3.7 

6,920 

.5 

330 

1.6 

1,495 

2.7 

3,410 

3.8 

7,28* 

.6 

430 

1.7 

1,605 

2.8 

3, 700 

3.9 

7,65^ 

.7 

580 

1.8 

1,720 

2.9 

4,030 

4.0 

8,01» 

.8 

635 

1.9 

1,845 

1      3.0 

4,375     1 

4.5 

9,848F 

.9 

740 

8.0 

1,975 

3.1 

4, 725 

5.0 

11,678^ 

1.0 

845 

2.1 

2,110 

3.2 

5,090 

1.1 

950 

2.2 

2,260 

3.3 

5,456 
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Estimated  monthly  discharge  of  Oreen  River  at  Chreenriver,  Wyo. 
'^    T'l  [Dnisa^e  area,  7,tfO  tquare  miles.] 


3n 


Month. 


1903. 
iliril 

^1 

Jmie , 

Jnly 

August 

September  . 
October 


Discharge  in  second-feet. 


ICaximom. 


1,385 

7,«35 

10,768 

4,550 

2,260 

950 

880 


Minlmnm. 


285 
845 
4,875 
1,720 
950 
380 
285 


Mean. 


844 
2,262 
7,104 
2,678 
1,887 
656 
329 


Total  in  acre- 
feet. 


Rnn-off. 


Second-feet!  rw»«*v  ,•„ 


50,153 

138,845 

419,990 

164,043  I 

a5, 130  j 

38,937  j 

20,206  I 


Ue. 

O.ll 

0.12 

.30 

.85 

.95 

1.06 

.36 

.42 

.19 

.22 

.09 

.10 

.04 

.05 

Miscellaneous  measurements  in  the  Colorado  River  drainage  Ixfsin. 


Date. 

Stream. 

LocaUty. 

Dis- 
charge. 

Horemberld.. 

W.D.Smith 

do 

Gila  River 

Near  month 

Sec.  feet. 
25 

HoremberSS  . 

do 

do 

8H6 

DeeemberlS... 

do 

do 

do 

2,109 

238 

December  M... 

do 

do 

do 

KoremberU.. 
DeoanberU... 

S.O.Bennett... 
W.D.Smith 

Imiwrial  Canal 

do 

International  boundary 

do 

874 

494 

October  18 

October  16 

J.B.  Field 

do 

Tampa 

Williams  Fork 

Steamboat  Springs,  Colo. . . . 
Hamilton,  Colo 

112 
47 

October  11 

do 

Grand  

Near  Piney  Creek 

488 

October  18 

do 

Elk  River 

Tmll,  Colo 

147 

October  14 

do 

Tamjia 

Hayden,  Colo 

235 

jQlyT 

A.J.McCime.... 
do 

Williams  Fork 

136 

J%10  

SnakA  

N€«r  Dixon . 

25i{ 

October  11 

J.E.  Field... 

W.P.Edwards.. 
do.  .    . 

Rock  Creek 

Near  McCoy's  ranch 

At  mouth 

11 

JiiIjlS 

Lathos  Creek 

Taylor  River 

Spring  Creek 

15 

JiUt13 

Clarke's  ranch 

259 

'^myia 

do 

N«ar  fl-nnnijuiTi.  Cn\n 

19 

July  14 

do 

Cebolla |  Between  Spencer  and  Dubois 

taik6  Fork 1  Carr's  ranch 

«7 

'''uly  15 

do 

171 

^uly  15 

do 

Pine  Creek !  Near  Gate  Viow 

13 

^nly  15 

do 

Little  Bine  Creek... 
do 

At  mouth 

9 

^ulylS 

do 

Above  junctitm 

18 

^oly  15      

do 

Little    Cimarron 

At  mouth 

16 

^alyl5 

do 

Creek. 
Cimarron  River 

At  Cimarron,  Colo 

119 

"Mfirnii  21 

A  T^,Ff»11ow« 

Mancoft 

18 

^xayl2 

do 1 do   . 

do 

5 

July  17 

do 

UncomiMihgre 

Fort  Crawford.  Colo 

63 
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XJiider  this  head  i8<!omprt»e<l  the  liir^t^  cxteni  of  arid  eonniry  whM 
inoliideB  nearly  the  wbolo  uf  Nevada ,  tliu  nortliorn  <ifid  wogt^^rn  parU 
of  Utah,  and  small  porlionH  of  ChI ifornm  and  Idaho,  Ilavinf,^  m 
outlet  to  the  sea,  the  entln^  di-Hinago  of  this  vaiti  tiaain  in  lo^t  mainl; 
through  evaporatimi  from  ihe  nuDieroim  lukeBand  etlnks  In  which  tiu 
waters  of  the  rivers  ooiiecii. 

The  largest  of  the  lakes  is  Qreat  Salt  Lake,  i^eh  receives  tin 
waters  of  that  portion  of  the  basin  lying  in  northern  XJtali  andldalio 
Sonthwestem  Utah  drains  into  Sevier  Lake.  Otber  important  like 
are  Humboldt,  Pyramid,  Winnemuoca,  Carson,  and  Walk^,  idl  ii 
western  Nevada.  These  lakes  receive  the  basin  toiinage  frm 
Nevada  and  California.  The  principal  riv«».  in  this  section  ares 
follows: 

Bear  River  has  its  source  on  the  northern  dope  of  the  Uinta  Moiu) 
tains  in  the  northeastern  part  of  Utah,  and  after  a  eironitoas  ooozsc 
in  which  it  leaves  Utah  and  enters  Wyoming,  reenters  Utah,  am^eii 
again  in  Wyoming,  then  in  Idaho,  and  reent^»  ITtaJi,  it  finally  dii 
charges  its  waters  into  Great  Salt  Lake.  Considerabto  irrigation  1 
practiced  on  certain  portions  of  the  river.  Logan  Rivw  empties  int 
Bear  River  in  Cache  Valley,  Utah.  Blacksmith  IPork  is  a  teibntsi; 
of  Bear  River  from  the  western  slope  of  the  Wasatch  Range. 

Weber  River  rises  in  the  high  country  east  of  the  Wasatch  Moue 
tains.  Passing  through  that  range,  it  appears  in  the  plains  legion  i 
the  vicinity  of  Ogdeu,  where,  after  receiving  the  waters  of  Ogde 
River,  it  discharges  into  Great  Salt  Lake.  There  are  a  number  c 
good  reservoir  sites  on  its  upper  tributaries,  some  of  which  have  bee 
utilized  within  the  last  year. 

Prove  River  rises  on  the  western  slope  of  the  Uinta  Mountains  an 
after  receiving  a  number  of  tributaries  enters  what  is  known  as  Heb( 
Valley,  where  considerable  irrigation  is  practiced.  After  crossiD 
this  valley  it  passes  through  the  Wasatch  Mountains  in  a  picturesqu 
canyon,  and  finally  enters  Utah  Valley,  where  its  summer  flow  is  con 
pletely  diverted  for  irrigation  purposes.  Its  flood  waters  dischar^ 
into  Utah  Lake. 

Sevier  River  drains  a  large  area  in  the  southwestern  part  of  Utal 
It  flows  northerly  until  it  enters  Juab  County,  then  makes  a  short  ben 
and  flows  southwest  into  Sevier  Lake.  San  Pitch  Kiver  joins  Sevi< 
River  near  Gunnison,  Utah. 

Humboldt  River  rises  in  the  extreme  northeastern  part  of  Nevad 
and  flows  in  a  general  westerly  and  southerly  direction,  final) 
entering  Humboldt  Lake,  whence  its  waters  find  their  way  into  tl 
Humboldt  and  Carson  Sink.  The  general  direction  of  the  mountai 
ranges  of  this  basin  is  north  and  south,  crossed  at  nearly  rigl 
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by  the  main  Humboldt  River.  The  tributaries  flow  in  the 
Ifeneral  direction  of  the  mountain  ranges,  and  drain  either  to  the 
lorth  or  to  the  south.  During  low  stages  the  water  of  the  river  is 
it  wholly  diverted.  For  the  future  development  of  the  country 
neoarse  must  be  had  to  the  construction  of  storage  reservoirs.  Of 
Ab  tributaries,  the  North  Fork  enters  it  west  of  Peko,  Nev.,  and  the 
Soath  Fork  enters  it  about  10  miles  below  Elko,  Nev. 

Pine  Creek  is  a  tributary  from  the  south  and  joins  it  near  Pali- 
Mde,  Nev.  Marys  River  is  one  of  the  headwater  tributaries  of  the 
Humboldt. 

Walker  River  is  formed  by  two  branches  which  have  their  sources 
leross  the  Nevada-California  boundary,  in  California.  It  flows 
north  and  then  takes  a  sharp  bend  to  the  southeast,  emptying  into 
Walker  Lake. 

Carson  River  has  its  source  on  the  slopes  of  the  Sierra  Nevada 
in  eastern  California,  and  flows  northward  into  the  State  of  Nevada. 
The  East  and  West  forks  unite  near  Genoa,  Nev.,  in  Carson  Valley. 
At  Empire,  3  miles  east  of  Carson,  after  having  traversed  the  Upper 
Carson  Valley,  it  turns  to  the  northeast  and  enters  a  deep  canyon, 
through  which  it  flows  for  several  miles,  emerging  into  a  second 
fmaller  valley  a  short  distance  above  the  town  of  Dayton.  After 
leaying  this  valley  it  passes  through  two  other  shorter  canyons  and 
through  one  rather  large  valley  before  entering  Lower  Carson  Valley, 
or  Carson  Sink  Valley,  as  it  is  also  known,  and  discharging  its  waters 
into  the  Carson  Sink. 

The  Truckee  has  its  source  on  the  slopes  of  the  Sierra  Nevada  in 
eastern  California  and  flows  northward,  entering  Lake  Tahoe,  which 
is  at  an  elevation  of  6,225  feet  and  the  largest  body  of  fresh  water  in 
the  United  States  at  this  considerable  altitude.  The  area  of  the  lake 
is  193  square  miles.  Its  outlet  is  at  Tahoe,  Cal.,  from  which  point 
Truckee  River  has  a  general  northward  and  eastward  course,  receiv- 
ing several  imjwrtant  tributaries  which  contribute  to  its  flow.  It 
drains  into  Pyramid  and  Winnemucca  lakes,  which  have  no  outlets. 
Donner  and  Prosser  creeks  are  tributaries  of  Truckee  River.  Inde- 
pendence Creek  discharges  into  the  Little  Truckee,  a  main  branch  of 
Tmckee  River,  entering  it  at  Boca,  Cal.  They  drain  areas  of  31,  50, 
and  8.5  square  miles,  respectively,  lying  to  the  northwest  of  Lake 
Tahoe,  in  California. 

Susan  River  has  its  source  in  the  Sierra  Nevada  in  northeastern  Cali- 
fornia, and  flowing  eastward  discharges  into  Honey  Lake — one  of  the 
land-locked  lakes  of  the  Great  Basin — of  which  it  is  the  principal 
feeder.  A  considerable  area  of  land  is  irrigated  from  tlie  waters  of 
the  river  below  the  gaging  station,  and  during  the  last  ten  or  twelve 
J^ears  several  projects  have  been  started  for  irrigating  other  extensive 
«reas  by  the  storage  of  its  waters  both  above  and  below  the  town  of 
Susan  vWe, 


The  following  is  a  list  of  stations  In  tiie  Interior  dminage  tiadn: 

Bear  Riyer  near  Colliiirtoii,  trtidi. 

Bear  BiTer  at  Battlecreek,  Mir  Presloiit  Idalia 

Btsokamilh  Fork  at  Hyniai,  UtaiL 

IjQgaii  BiTer  near  Logaa,  TTtaiL 

[Weber  Biyer  near  ninta»  UtaiL 
PtoTO  River  n*iar  Pro^o,  Ut^all. 
Sevi(wr  River  near  G-nmdmm,  tJtali. 
San  Pitch  River  nf-ar  OnimiHm,  Utah. 
Hmnlwldt  River  near  Oreena,  ISfew. 
HumbtfjMt  River  near  Oolcouda,  Nev.  - 
Himit>oldt  River  at  Palisade*  Ner. 
Pi  lie  Creek  at  Palisade  ^  Nev, 
Hmuboldt  River  (Sontti  Fork)  at  Maaoii*B  zancali,  near  BBdo;  Ner. 
Hiimlx>ldt  River  near  Elko,  Nev. 
Hnmboldt  River  (Nortli  Fork)  near  Bllmn  etalioti,  near  HaBeck,  Kev. 
MarjB  River  at  Bradley's  Hume  rancli,  near  Bei^,  Hev. 
Walker  Hiver  near  Wabnska,  Nev. 

Walker  Biver  (East  Fork)  at  Boas  ranoh,  near  Yeriiig:ton,  Ner. 
^^^^    Walker  Biver  (West  Fork)  at  npper  end  of  Antelope  TaOey,  near  CSoleTilk 

^^^V    Oaxeon  BiT^r  near  Empire,  Ner. 

^  Garaon  BiTer  (Bast  Fork)  at  Bodmbah'e  ranch,  near  Gardnerdlle,  Nev. 

^^^     Gaiwm  Bhrer  (West  Foik)  at  Woodfords,  OaL 

^^^H     TrnckeeBiyeratTahoe,  GaL 

Tmdcee  River  at  Vista,  near  Beno,  Not. 

Tmckee  River  near  Mystic,  at  Nevada-California  State  line. 

Index>endence  Creek  below  Index>endence  Lake,  near  Overton,  Cal. 
*  Prosser  Creek  below  Proeser  Creek  Ice  Company's  dam,  near  Boca.  Cal. 

Donner  Creek  near  Donner  Ice  Company's  dam,  near  Tmckee,  Cal. 

Snsan  River  near  Snsanville.  Cal. 

BEAR  RIVER  NEAR  COLLINSTON,  UTAH. 

The  gaging  station  at  Collinston  was  established  July  1,  1889,  an 
is  located  about  4  miles  from  the  railroad  station  at  O)lliiiston, 
miles  east  of  the  town  of  Fielding,  Utah,  and  below  the  headworks  < 
the  Bear  River  canal.  The  gage  consists  of  a  vertical  iron  rod  gradi 
ated  to  tenths  of  a  foot.  Tho  bench  mark  is  a  nail  in  an  oak  post  ^ 
feet  west  of  the  gage  and  20  feet  north  of  tho  cable,  and  is  at  an  el 
vation  of  7.35  feet  above  gage  datum.  The  equipment  consists  of 
cable,  a  tagged  wire,  and  a  boat.  The  observer  is  generally  the  ditc 
rider  of  the  Bear  River  Canal  Company,  who  has  a  house  near  tl 
station.  The  banks  of  the  stream  are  high  and  the  channel  is  gravell: 
with  bowlders,  the  water  flowing  with  moderate  velocity.  At  this  poi:] 
it  has  a  slope  of  0.55  foot  in  600  feet. 

During  1902  the  following  discharge  measurements  were  made  1 
G.  L.  Swendsen: 

July  16:  Gage  height,  0.40  foot:  discharge,  324  second-feet. 
July  20:  Gage  height,  0.30  foot;  discharge,  205  second-feet. 
August  18:  Gage  height,  0.40  foot;  discharge,  ^^  ^ecoud-toet. 
Aagra8t26:  Oage  height,  0.45  foot;  diBcYiarge,  ftO  secoud-le»\.. 
•December  SO:  Qage  height,  0.51  foot;  discharge,  40^  ftecoiid-l^X., 
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Daily  gage  height,  in  feet,  of  Bear  River  near  Collinston,  Utah, 
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D*f. 

Ju. 

Fttb. 

tCfkr. 

Apr. 

May. 

JtUIA. 

July, 

Aug. 

Sfljrt. 

Oct* 

Hot, 

Deo. 

1          uor. 

u.,  .._,„..._„., 

1.70 

L« 

1.8& 

L0&  ^.im 

a  60 

0.^ 

-^.10 

-o.te 

o.eo 

0.80 

0.85 

j._, „_., 

L76 

t,aD 

1.7S 

L65 

a,w 

3.00 

.30 

-  .10 

-  .55 

.m 

.^ 

.85 

1... „ 

Lffl 

L» 
L06 

LIB 
l.-KS 

LTO 
L7& 

£.00 

3.00 

a  43 

,30 
,10 

-  .10 

-  .10 

-  SO 

-  .10 

-80 

.m 
m 

.40 

L ,..„„ 

.40 

L ..„,.„..  , 

Leo 
\.m 

LftO 
1.86 

i.a& 

i.ao 

LOO 
1.75 

Lffi 
L6S 
L65 

LTO 

L80 
l.W 
LOO 

e,^ 

3.00 

2.m 
a.  TO 

s.ao 

i.TO 

a  80 
a  15 
aoa 
auo 
a  00 

.35 
.35 

.40 

-  .15 

-  ,ao 

-  ,E5 

-  .30 

"  .15 

-  -flO 

-  .» 

-  .80 

,80 
.80 

:: 

.40 

.«o 
.« 

.80 

.45 

1 ..„ 

.50 

L„ „ 

.50 

f ,    _, 

.55 

*„.__, 

.m 

H,„..._ _., 

t8D 

L«0 

1.8S 

L8Q 

8.76 

£.80 

a  10 
a  10 

,40 
.40 

-  ,3S 

-  .40  ' 

-  .80 

-  .20 

LOO 
.30 

,90 

MO 

.00 

H. .._. , 

.30 

»_„, , 

LIS 

Lgo 

LTO 
1.75 

am 

3.10 

a  10 
a  10 

.40 

-  .40 

-  .40 

^  .10 
--  .10 

.00 
,30 

LSO 

L80 

.30 

BL._ 

.TO 

ll..„.™ 

LID 

190 

L70 

t.lh 

3.15 

a  00 

.85 

-  .40 

-  .10 

.W 

L40 

.80 

1ft, „ „.„ 

LTD 

J.TO 

l.-m    *J5 

3.15 

a  00 

.40 

^,40 

-  .10 

.00 

Lgo 

.60 

i....,„_._ „ 

LTO 

LTO 

L«5 

S.70 

3.  SO 

t.m 

.45 

-  .45 

^    10 

,90 

.SO 

.40 

n 

LfO 

L70 

1  €& 

i.B5 

3.  £5 

t.m 

.45 

-  .45 

.00 

.00 

,flO 

.30 

II ,_.._,. 

Leo 

L6S 

Lao 

LW 
LBO 

£.66 
2.00 

8.30 
3.90 
8.30 

g,ao 
leo 

.40 
.30 

-  ,i5 

"  ,46 

-  .45 

,10 
.10 

.so 

.30 
.fX) 
.30 

M 
.40 

,80 

i» 

.36 

i..„ ,„..j 

L«  1  1.T0 

.40 

B. _„. 

1,86  \  l.TO 

L75 
L» 

3.00 
3.«Q 

3,30 
3.JW 

«.ao 

£.10 

.SO 

-.45 

-  .45 

.30 

.ft) 

,30 
.80 

.50 
.50 

.40 

a. -..„„ 

l.ffi 

LOB 

.40 

s 

LW 

L«a 

L»0 

aso 

aeo 

t.oo 

.15 

-  .45 

.30 

.80 

.60 

.40 

II.           

1,«0 
L40 
1.4D 

LQ& 
LTO 

1,75 
1.70 
LtO 

8,30 
8.30 

a  10 
a  10 
a  10 

LflO 
L«0 
LTO 

.10 
,S0 

,so 

^  .60 

-  ,50 

-  .50 

.30 
,30 
.30 

.BO 
.30 

.90 

.BO 
,40 
.40 

.40 

«.       __ „„ 

.45 

«_,.,.,„., 

.45 

«7.„ 

1.40 

L»& 

l:d 

LW 

3.10 

a  so 
a  25 

1  W 
L^ 

.10 

-  ,flO 

.50 

.80 
.80 

.30 
.30 

,40 

ft..„ ,. 

.40 

^„..,_„ 

I4fi 

LTO 

3,00 

ago 

.SO 

.10 

-    55 

.80 

.HO 

,35 

.10 

«,...,...,. 

LW 

1.TO 

3e.i» 

a  85 

,50 

.no 

-  .ao 

,T0 

.30 

M 

.40 

«i , . ._ 

Lte 

L«fi 

a^fi 

-.10 

^  ,flO 

,m 

.40 

Rating  table  for  Bear  River  near  CoUinstony  Utah,  for  190^. 


hel^t. 

Discharge. 

h^Ll 

Discharge. 

Gage 
height. 

1 
Discharge. 

1 

Gage 
height. 

Feet. 

Discharge. 

Feet. 

See.'feet.    i 

Feet 

Sec.'feet. 

j     Feet. 

Sec-feet.    \ 

Sec-feet. 

-0.1 

280 

0.7 

370 

1       2.0 

1,470 

3.6 

3,340 

.0 

280 

.8 

410 

1       2.2 

1,670 

3.8 

3,600 

.1 

280 

.9 

460 

2.4 

1,880 

4.0 

3,860 

.2 

285 

1.0 

530 

2.6 

2,100 

4.2 

4,140 

.3 

290 

1.2 

690 

2.8 

2,330 

4.4 

4,420 

•.4 

800    1 

1.4 

870 

3.0 

2,570 

4.6 

4,700 

.5 

810    ' 

1.6 

1,070 

3.2 

2,820 

4.8 

5,000 

.6 

840 

1.8 

1,270 

3.4 

3,080 

5.0 

5, 300 

IRR  85 — 03- 


TOT 


STREAM   MEASUREMENTS   TTT   11W2,  TAUT  TT-  ^»^ 

Eittimnied  monthly  dmcharge  of  Bear  Hit^r  near  CoUinMrtH^  Ulnh* 
[Drainage  kp^s^  ^Oti)  tuition!  xalloiL  J 


^ 


Honth. 


'  January .  .^„ 

Febnmiy 

March 

I  April  ...._,-. 

May .... 

Jmitt. .-, 

'  Jtay 

August  ^ ^,. 

September  .- . 

OL'tx>ber .,^* 

:  November , . .  _  ,^**.» 
December 


Dlflcluiiive  Iq  Beccmd'fa^t. 


M&ximttiiL 


1,470 
a,  145 

305 
380 
«70 
A3Q 
970 
410 


MizLimuEa.  |    M^«^. 


870 
1,021) 

1.120 

ain 

1280 
280 
280 
300 
200 
S90 


1,191 

1,  ii>i 

2§0 
S80 
4ST 

430 


TotMlin 
i4iC;T&>feet, 


Bus-alf. 


mile. 


70,034 

ofi,  i4r> 

73*23S 

lLn),48i 
les^nii 

l!27, 230 
17,«54 
17,317 
17,  \Wt 

24,9d2 

IS,  184 


The  year . . 


;i,S4o 


t04a  '      7^,222 


0.10 
.S!0 
.SO 
Jfd 
.41 
.mi 
.ai 

•  05 

•  05 

.07 
.05 


.17 


f 


I>grf  til   (JJ 

1ih:1»^ 


a  as 

.SI 

M 

M 

.06 
.Oft 


2-«J 


BEAK  RIVEK  AT  BATTLKCREEK,  IDAHO. 

This  station,  estabUshe*!  (>et43ber  11,  1889,  is  about  10  miles  nort*^ 
of  the  Utah- Idaho  Iwundafy  line.     The  station   is  of  cotisiderable 
importane^  from  the  faet  that  its  location  m  near  the  Utah-Ida^*' 
line,  and  the  measureinentH  there  will  indicate  the  volume  of  wjiter 
that  passes  from  Idaho  into  Ut-ah,     During  llioi  a  large  eanal  vf^ 
coiJipletcd,  appropriating  the  waters  of  the  Bear  about  8  miles  beloflr 
Soda  Springs  in  sufficient  quantity  to  irrigate  about  35,000  acres  of 
very  fine  land  in  that  locality.     The  original  gage  consisted  of  a  ver- 
tical board  nailed  to  a  pile.     This  was  carried  away  June  30,  1899, 
but  was  replaced  on  August  4  by  a  wire  and  weight,  readings  being 
made  on  a  horizontal  scale.     The  l)ench  mark  for  the  old  gage  was 
a  nail  in  the  southeast  corner  of  a  house  near  the  gage,  about  1.5 
feet  from  the  ground  and  10.95  feet  above  gage  datum.     There  are 
two  bench  marks  to  which  the  present  gage  is  referred.     The  first  is 
a  nail  in  the  bridge  floor  beam  close  to  the  gage,  and  the  second  is 
three  nails  in  the  east  side  of  the  north  post  which  supports  the  station 
cable.     Both  of  these  bench  marks  are  11.118  feet  above  the  gage 
datum.     The  station  is  equipped  with  a  cable  and  car. 
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Di9charge  measurements  of  Bear  River  at  Battlecreek,  Idaho. 


Hydrographer. 


George  L.  Swendsen . 
do 


-do 
.do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 
-do 


height. 


Feet 
1.60 
1.80 
1.72 
8.00 
3. 15 
3.40 
2.40 
1.25 
1.19 
1.32 
1.58 
1.62 
1.70 


Discharge. 


Second-feet. 

407 

606 

610 

1,803 

1,961 

2,281 

924 

855 

290 

385 

412 

455 

524 


Daily  gage  height ,  infect,  of  Bear  River  at  Battlecreek,  Idaho. 


Day, 


Jan. 

Feb, 

Mar. 

Apr. 

May. 

June. 

l.l» 

I.m 

hn 

i.to 

1.75 

a  10 

i.m, 

1.IM1 

l.Tfl 

L74J 

*.7a 

a  10 

i.ffi> 

Lm 

LW 

L70 

a.  75 

I1.10 

i.m 

IM 

l-ttt 

Km 

1.711 

lilO 

<«> 

IM 

i.ra 

LS& 

14^ 

aio 

C") 

l.«» 

1.711 

$M 

9.gH 

St  10 

(-) 

1.4)0 

I.m 

».7n 

S.fiO 

a.  10 

(«) 

1.4MJ 

1*70 

:im 

s.au 

JIJO 

(•J) 

(") 

l.TO 

3,lO 

«.«» 

a  10 

(a) 

(") 

1.70 

2.0O 

a.  en 

am 

(«) 

(«) 

l.TtI 

s.»o 

8.7V 

a  15 

LflO 

("> 

1.70 

aw 

1.75 

a  15 

1,00 

f") 

IM 

3.50 

2T6 

a  15 

Lao 

(«> 

l.TO 

aiiO 

1.76 

a  15 

LflD 

f"J 

1,10 

±m 

1.7fi 

aif> 

IM 

l.K^ 

LTU 

t.m 

l.W 

aa» 

l,flO 

L(fi& 

l.TO 

2.  HO 

$M 

a«& 

LM 

l.ltj 

I.™ 

£.83 

li.tiTi 

;;.»& 

t«) 

tffl 

1,TO 

».m 

l.W 

a>w 

1.60 

1.% 

L70 

^£.8li 

2,  DO 

a.7H 

LM 

l.te 

L?fl 

a.  90 

a.  on 

;r.73 

i.m 

LW 

1.70 

&R0 

a.  00 

a.fift 

1.6U 

lfif> 

1,70 

S.OA 

8,fli) 

£Q» 

iM) 

1.G6 

L70 

£,yo 

n.m 

3,5» 

IW 

1.05 

I  70 

3,  a) 

a  15 

£.53 

\.m 

l.rtT, 

1.70 

a  10 

a,  10 

3.*.^ 

i.eo 

t«5 

Ln> 

Sf.OU 

a  10 

£.»? 

i.m 

].^ 

1,70 

£.«] 

a.ifl 

s.i.-) 

hm 

1.70 

a.w 

-1.  Ill 

8.W 

i.ao 

L70 

^.ft^ 

a.  10 

S.IH 

i.fl> 

1.70 

a,  10 

,„--.. 

July. 


Atttf^ 


Bept 


Oct. 


Nov.   Dec, 


1 l"^ 

1 _[i 

i. _^_ 

*—.*.'!."!! 
*._.. 

1L,_ 

flL 

H. 

a..^ 

IS. _ 

»._ 

IT... _ 

ii._._. 

!•„ _„. 

a,.„ 

a.^ __.. 

■„ 

u „.__ 

*-, „ 

17„._ 

» 

3) 

a,... .„. 


aa> 

£.15 
l.Qfi 
1.88 
L«i 
I.M 
l.«S 
1.86 
1.831 
1,80 
l.«H 
l.«S 
1.66  j 

1,65  I 
1.58  I 

\M  i 

1,4*< 

l,m 

I.m 
I.m 

L^ 

I.m 

],S7 
l.IiS 
L3S 
1  $i 
1.85 
l.J« 
l.l«} 
1.17 


t.so 

L15 
1.15 

1J5 
L.SO 

1.S5 

t.m 
hm 

I.m 

L45 
1.S.S 

I.eo 

l.(t5 
l,7tJ 
1.80 
1.8t> 

I.WJ 

I.M) 
LOT) 

l.flo  I 

1.90 

1.W1  I 

1.00 

1.WJ 

LMO 

1,U5 

l.*0 


1,80 
l,iO 
i.ao 

1.80 
l.«0 
1  80 
I.mO 
1  70 
l.flO 
1.50 
1.40 
1,^  , 
l.Al  I 
1,10  j 
IJtt  I 
1  10  ) 
1J0  I 

I.m  j 
l.g^ 
!.;«» I 
1.^  I 

1.31*  I 

i.ao  I 

1.:®  I 
1.35  I 
i.nM  ■ 

1.40  I 


L45 
L48 

l.6r» 

t.5^ 
1,53 

hen 

1.00 
J. 90 
I.OD 

l.w 
1.^ 
i.m 

l.Ott 
1.00 
L«> 

i.ao 

I.IK) 

i.ffj 

1.0(1 
l.W) 

i.ap 

1,M 

i.ou 

1,00 
l.fiK 
1,70 
L7D 
1.70 
l.TO 
L70 


1.65 
l.QS 
l.flS 
1.05 
l,ti5 
].«6 
i.e5 
1.8S 

I.m 

1.0& 
1,70 
L70 

L7n 

1,70 
L70 
L70 
1,65 
1,«0 
LQt} 

hm 

1.00 

M10 

LflO 

I.m 
i.rtr> 

l.flO 
1.00 
1.00 


1.01 

I.eo 

1.00 

1.00 
1.00 
1.00 

i.on 
i.oo 

1,00 

i.on 
i.iw 
I.eo 

1.00 

urn 
Lon 

LOO 

I.m 

1,00 
LOO 

Ltn 

1.8D 
L0O 

raa 
i.an 

LOO 
L80 


aOagelo6t 


f 
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^B       HaHn0  tnN^  far  Bear  Miver  at  Battleereek^  Idaho j  fm'  JBOf. 


ImA 


&L 

DMIA»» 

!» 

Dikt^MTf^. 

l^M^t 

1 

iSsr. 

f%»t 

gf^^md-fi^L 

FmL 

^mm(^/««t. 

J'Vel, 

Me€OHdft*i 

FftH- 

Sf€mui-/«t, 

1.1 

m2 

L« 

576 

2,5 

umi 

8.2 

1,928 

L3 

824     1 

1.9 

632 

2.6 

1,2S0 

9.8 

2,(J«0 

1.3 

3.10 

2.0 

700 

2.7 

i,a34 

8.4 

2.m 

1.4 

383 

2.1 

77IS     ! 

2.8 

1,443 

8.5 

!g,33«   ^ 

I.Ti 

42(» 

2.3 

850     1 

9.B 

1,556 

1.5 

464 

3,S 

\m 

8,0 

1,676 

1.7 

5U 

2.4 

1.084 

aa 

1,«00     1 

Mtdimatrd  mmtthl^  dim*harffff  of  Bear  Eirier  nt  Bftttlecrerk^  Idaho, 


I 


McmtliL, 


11*1)2. 

Januiuy 

Febraary  ... 

Man^h 

April 

May 

Jtom .,,, 

July  ---. 

Axtgxmt  ..,,. 
September  _ . 
October , . . . . 
Koveiuber . . . 


Thi?  yfsar  - 


Dfwtliar^lfti  in  iiw7(4id'fe#t. 


MwUmnm. 


4$4 
0^14 

5U 
2,S2i6 

1,928 
2,Ji3fi 
M2 
0«v 
670 
614 
614 
461 


2,336 


MlnLniiim. 


464 
464 

514 
514 
M30 
776 
887 

ais 

803 

wm 

464 
464 


S02 


480 
514 

1.438 
1,498 
1,570 
498 
508 
406 
467 
485 
464 

783 


61,606 
85,1567 
91,601 
93,421 
30,818 
81,  a^ 
24,159 
m,  716 
28,860 


529,894 


San-oJT. 


0,10 

,11 

AX 
.32 
.38 
.85 
,11 
,11 
.09 
.10 
At 
.10 


,16 


.11 

.a9 

.13 
.1^ 


2.3i 


BLACKSMITH   FORK  AT  HYRUM,  UTAH. 

Six  irrigation  canals  and  one  large  power  canal  are  supplied  by  this 
river,  and  during  the  irrigation  season  the  entire  supply  is  utilized. 
The  present  gaging  station  was  established  July  19,  1900,  by  George 
L.  Swendsen.  It  is  near  the  tollgate  at  the  mouth  of  the  canyon. 
Daily  readings  are  made  on  a  vertical  gage.  The  bench  mark,  a  line 
of  red  paint  on  the  top  of  a  short  cedar  post  near  the  north  post  of  the 
tollgate,  is  8.29  feet  above  gage  datum. 
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Discharge  meeuurements  of  Blacksmith  Fork  at  Hyrum^  Utah. 


Date. 


1902. 

Jannary  27 

?ebruary  24 

Mirchi; .- 

April  29 

Ifa)  19 

June  2:^ 

July: 

Angnst  4 

September  16 

October  13 

November  24 

I>ecember  21 


Hydrofnrapher. 


George  L.  Bwendsen . 
do 


-do 
.do 
-do 
-do 
-do 
.do 
.do 
.do 
.do 
-do 


hei^\. 

Fert. 

2.80 

2.90  1 

2.92  1 

3.05  I 
3.28  I 
3.a5  ! 
2.99  I 
2.90  I 
2.78  j 
2.85  ! 
2.80  I 
2.78  ; 


DiMoJiarge. 

Second-feet. 
112 
114 
113 
129 
176 
130 
130 
115 
103 
119 
108 
102 


Daily  gage  height,  in  feet,  of  Blacksmith  Fork  at  Hyrum,  Utah. 


D.r 


1 

1— ., 

T,„.. 

11 

a 

If.,.. 
«-_ 


liMi.  Feb,  Mar.   Apr.  Kay.  June.  July.  Antf .  8«pt.  Oct.   Nor.  Deo. 


::/, 


t,m 
%m 

£.80 

%m 

t,m 
%.^ 
t.m 
s.ao 

»  art 
S.80 

%m 


tM 

%m 
s.yu 

3.90 
IBO 

3,ft0 

£.«Q 
*flO 

£.110 
0.»A 
*90 
*90 


2.1m 

£.00 

£.00 
£H0 

fLSO 

£,» 
JC.TO 

e.oo 

2.  DO 
1LkQ 


3.05 

au& 

3.(16 
3.1« 

3.0fi 
3.06 

3.U6 
3.06 

£.«! 

£,110 
£.fiO 

t.m 

£.90 
3.iia 

;i.oo 


&€0 

rt.flo 

aOD 

a.  00 

3.00 
3,0& 
BM 
B.QS 
3.fMi 
i3.U5 

ao5 

3.fti 

it.  00  I 

3.00; 

£.00.1 
e.flO  ; 

^.«)  i 
s.oo  I 
S.0O ! 
B.d) ; 

a^ii 

3,011 
3.111 

3.or> 

&GP 
8.00 


8.30 

s,ao 
a.  30 

3.3U 
3,30 

aao 

3,30 

3.ao 

3.30 
3.90 
tflO 
2,M 
£.00 
3,80 

a^ 
a  10 
a  10 

3.10 

aoo 

3.00 
3.00 
£,90 
f,W 
2.90 

2.m 

S,80 
£.B0 


£.30 
£.a) 

£.ao 

£.«0 
£.80 
£.W 
£.80 

£.B0 

£.ao 

£,(0 
£.«) 
£.J«li 
£.80 
£.») 
£.«0 
£.80 
a,80 

2.ao 


£.00 
£,80 
£.90 
£.110 

%m 

£.^ 
£.80 
£.aO 
a.flO 
£,M) 
£.») 
£.JK) 
%dO 

±m 

i.flO 
s,no 

£.«» 
£.fiO 

zm 

£.A0 

ShHo  '  £.m 

2.80     £,W 

2. no   s.flo 

3.00  I  g,«0 
3.90  U.8Q 
£.90\2.«0 


£.80 
£.80 

£,«0 

s.«o 

£,80 


aw 

£.90 
£.8fi 

t8S 


£.B5 
£.» 

£,B& 
£.90 
£.90 

£.90  ;  £.85 
£,«o!  £.90  '  ^.85  ' 
%m  \  £.00  :  £JtU  ' 

£.)»     g.1l&  £.111 

£.«G  I  £.91^ 

2.95  !  £.110 
£.95  ;  £.90 
£.95  I  £.90 
£.H0  3.95 
2.1lfi  \  £.95 
2,90  g.ift 

2.90  ^.UJI 
£90  '  £.90 
£.90  '  2.90 
2.91)  '  2.90 

2.91  '  2.  INI 
£.90  i  t.m 
£.90  :  ^,00 
S.9fi  :  £,Ho 

2.96  S.H.'V 


£.«> 

2.  HO 
£.80 
£.f» 

%m 

£.^ 
£.86 
£.85 
£.86 
je.85 
£.86 
£.86 
2,8^1 
2.8ri 
2.B5 
£.8IS 
£.85 
3.85 


£.96 
£.% 

£.90 


£.fti> 
£.8ft 
£.86 


r-"'\**\--\ 


£.90 

190 

e.vQ 

£.90 
£.90 
£.90 

£.90 
2.90 
2.90 
£.90 
2,90 
£.90 
£90 
£.90 
£.90 
£.W) 
£.90 
2.90 
£.90 
£,W 
£,90 
2,90 
2,90 
£90 
2,90 
2.00 
£.00 
£.00 
£.90 


STREAIf  MEASTTREMETrrS   TK  196S,  PART   TV< 
Bating  table  for  Blacksmith  Ihrk  at  H^rumf  Utaht  for  ttiQf. 


tH«_ 


Dto^hw»Q> 

b&l^t. 

lifilfl^i- 

Dfi«3l»T«e. 

iM^t. 

1 

Hwt 

ftrcand^f^t 

f^i. 

S&mnd-frfi. 

FVf-f, 

^mm^f4^i. 

^v*t. 

.^bM^a^/<ml^  J 

%.m 

100 

%.m 

116 

3.  mi 

tn  ! 

d.^ 

374 

%M 

ioa 

»J)0 

120 

3.35 

210 

3.70 

41)1 

3.  to 

104 

S^OT) 

134 

a.  40 

S41 

a.  75 

42S) 

».75 

lOQ 

a  JO 

tS8 

%.m 

M7 

S.80 

4.17 

%,m 

108 

8.15 

lail 

8,50 

9»a 

3.ai 

4^ 

%,m 

WW 

S.^l 

U7 

».55 

S3SU 

;^.B0 

514 

3.90 

113 

a.  25 

leo 

8,  BO 

»4T 

Mittiniated  munthiff  dim-hiiri/e  of  BlaekHmitJt  Fork  at  Mffrum,  Utah. 


DIsdMrg^  In  ob&md-tmtt. 


Mlnlzaum. 


112 

106 

IIB 

106 

113 

108 

134 

iu 

\u 

112 

19^ 

108 

112 

\m 

112 

108 

110 

lod 

110 

no 

ue 

no 

113  1 

113 

HflKtl, 


106 


109 
111 
112 
120 

no 

146 

109 
lOO 
109 
113 

lis 

113 


Bnn-ofF, 


J 


Total  Id     ii 
acre-feet.     ISeoond-feet  ti-«*i. 


dn 


115 


6,703 

6,16.1 

o.8a7 

7,140 

7,317 
8,088 
6,702 
6,702 
6,486 
6,946 
6.664 
0,^7 


8^,288 


0.38 

.ao 

.42 

,51 

.as 

.38 

.40 
.39 


.40 


l-^J 


LOGAN  RIVER  NEAR  LOGAN,  UTAH. 

The  station  on  Logan  River  was  established  June  1,  1896,  and  is- 
located  in  the  river  canyon  about  2  miles  east  of  Logan,  Utah.  One 
gage  is  a  vertical  iron  post,  set  firmly  in  the  middle  of  the  river's  bed 
and  graduated  to  feet  and  tenths.  A  second  gage  rod  is  a  wooden  post 
driven  into  the  ground  near  the  north  bank  of  the  river.  The  bench 
mark  for  both  rods  is  a  stone  35  feet  northeast  of  the  end  of  the  cable 
on  the  north  side  of  the  river,  and  is  at  an  elevation  of  14.01  feet 
sbove  gage  datum.     It  in  marked  by  a  croaa  ch\^\^^  oxv  ^iXi^  twj^k.  ^\\ji 


hy  the  letters  "  B.  M. "  in  red  paint.  The  equipment  consists  of  a  cable 
and  car.  Owing  to  a  washout  regular  daily  gage  records  were  not 
taken  during  1902. 

Discharge  measuremenU  of  Logan  River  near  Logan,  Utah, 


Date. 


1902. 

J«Minary  27 

B'ebmary  22 

M:arch3 

-A^pril  17 

-A^pril  26 

May  17 

Jime  13 

June  27 

JiilyS 

^ngnst  12 

September  16 

October  13 

November  24 

December  28 


Hydrographer. 


G.  L.Swendsen. 
do 


-do 
-do 
.do 
-do 
.do 
.do 
.do 
.do 
-do 
.do 
-do 
.do 


Gage 
hei{rht. 

Dicharge. 

Feet. 

Second-feet. 

1.45 

103 

1.60 

124 

1.60 

107 

1.70 

153 

1.80 

163 

3.50 

588 

4.37 

1,056 

3.60 

598 

2.90 

284 

2.82 

198 

2.80 

191 

2.72 

178 

2.65 

171 

2.67 

165 

WEBER  RIVER  NEAR  UINTA,  UTAH. 

The  gaging  station  on  Weber  River,  established  in  October,  1899,  is 
located  in  the  canyon  5  miles  east  of  Uinta,  on  the  Union  Pacific  Rail- 
ix)ad,  immediately  above  the  narrows  known  as  Devils  Gate.  The 
gage  is  vertical,  and  is  supported  from  above  by  a  projecting  timber 
placed  out  of  reach  of  high  water.  The  bench  mark  consists  of  a 
spike  driven  into  the  first  telegraph  pole  in  the  canyon  above  the  gage, 
and  is  at  an  elevation  of  17.44  feet  above  gage  datum.  The  equip- 
ment consists  of  a  cable,  car,  and  tagged  wire. 

Discharge  measurements  of  Weber  River  near  Uinta ,  Utah. 


Date. 


Hydrographer. 


1902. 


I 


I 


Jannary  20 

February  10 

Aprill2 1 do 

May  12 ' do 

September  22 do 

October  20 ' do 


G.  L.  Swendsen. 
...-do 


Oago 
height. 


Disi^harge. 


December  i 


I 


■/- 


.do 


Feet. 

Second-feet. 

1.48 

113 

1.30 

121 

1.53 

166 

1.75 

339 

1.22 

79 

1.40 

I             \^% 

\.^^ 

\             \Vi. 

88 


STREAM    MEASUKKMENTS    IN    1902^  PAKT    IV. 


£Ma,ii^ 


PEOVn  RIV^ER  NEAB  PROVOj  UTAH. 

The  gaging  sUition  on  Provo  River,  oi^tablished  July  27,  1880,  i» 
located  in  the  ('any on,  al>ont  <"  niilps  from  Provo  and  above  the  head 
of  most  of  the  irrigation  canals  of  Utah  Valley,  The  diversion  works 
of  the  oomijany  which  develop  power  at  the  mouth  of  Provo  Canyon 
for  elcctrie^ transmission  to  the  nnneswestof  Provoj  are  located  aboiU 
5  miles  al>ove  the  station.  The  gage  ib  inclined  and  faet^ened  to  stakes 
set  in  the  ground.  The  !>eneh  mark  m  a  stone  firmly  beddetl  in  the 
bank  near  the  wagon  road,  about  ItKi  feet  southwest  of  the  ^age.  It 
fa  marked  *'B.  M.''  in  black  paint,  and  is  6,95  feet  above  gage  datum. 
The  channel  is  8tj"aight  for  some  (lis tfl.nce  aljove  and  below  the  station. 
The  bed  of  the  river  is  gravel  and  not  liable  to  change.  The  equip- 
ment consists  of  a  eable,  car^  and  tagged  wire. 

Diadiarge  nn^u^^rements  of  Provo  Rwer  ftear  Pr&vo,  Utah. 


p&te. 


1B02. 


January  30 

March  10... 
April  14-.., 

MayTj 

Julyae.-... 


Hj^dru^r^pbofT. 


_.   _do 


.do 
.do 
.do 


September^. _.  J do 


November  17 
December  37 


.do 
.do 


lwd«St. 

Dliicliarge. 

Fitrt 

Sfixmti^/eti. 

4.00 

^a 

4,811 

3ao 

4.59 

889 

4.60 

414 

4.10 

302 

4.00 

172 

3.1»5 

16S 

4.00 

178 

SEVIER  RIVER  NEAR  GUNNISON,  UTAH. 

The  station,  established  by  Caleb  Tanner  on  June  29, 1900,  is  at  the 
bridge  which  crosses  the  stream  4  miles  west  of  the  town  of  Gunnison. 
The  gage,  which  is  vertical,  is  nailed  to  one  of  the  bridge  piles.  The 
bench  mark  consists  of  a  post  at  the  southeast  corner  of  the  bridge, 
marked,  in  pencil,  "U.  S.  G.  S.  gage  B.  M.,"  and  its  elevation  is  13.23 
feet  above  gage  datum.  During  1902  the  following  measurements 
were  made  by  Caleb  Tanner: 

May  18:  GBge  height,  0.88  foot;  discharge,  41  second-feet. 
Angost  15:  G^ge  height,  0.62  foot;  discharge,  19  second-feet. 
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Daily  gage  height y  in  feet,  of  Sevier  Rivera  tiear  Ounnismi,  Utah, 


D-T^ 


JL.. 


f„. 

18l., 
It., 

ML-, 

1S.„ 

la... 

!•-,. 

«... 
a... 
a„. 

%... 

«... 


a,.. 

D... 

a... 


%^ 

4JD 
S.QR 
£.10 
tM 
£.15 
«,10 
ALIO 

«.io 

S.1D 

£.ae 

2.tt» 
3.0D 
£.00 
S.Q8 
L« 
L«l 

(-> 
(•> 
<•) 
(-) 

(•) 


Feb. 


I^r. 


1.K3 
%M 

tjn 

£.!£ 

£.46 
1.40 

£,4fl 

%.m 
too 
goo 

X.*7 
l.BO 
1,85 
1.83 

i,n 

\.m 
\.m 

LOO 
1,G6 


1.JID 

im 

hm 
i.*i 

1.411 

i.«) 

1.40 
1.40 
Mfl 
IJO 
l.]l> 
1.10 
l.€B8 
l,€e 
Lfle 
l,fJO 

LIJS 
J. IS 

l.£a 
].££ 

1  lA 

1.2S 
!.£& 
IM 
1.55 
LAG 
l.l!e 
L4fi 


Apr. 


1,3^ 

i.a) 
t.ao 

I'M 

i.aj 
l.i^ 

1.35 
1.3& 

i.jao 

l.I£ 
1.15 

1.U 
Ll£ 

i.ee 

1,£0 

1,80 

l.lfi 

1,10 

Lift 

LOfi 

.TO 

.47 

.4£ 

.4:9 


I 


l&tkj. 


a.4:S 

.«i 
.42 

.45 
.55 
.55 
.55 

.«n 

,TO 
.flO 
M 
,07 
.iff 
LIO 
LW 

,m 

.50 
.50 
Al 
.50 
.50 
.4S 

.50 

.no 


June. 


Julj.  Au^. 


0.50 
.55 

.BO 

.m 

.4£ 
,42 
.4^ 
.4^ 

.40 
.40 
.40 
.40 
,411 
M 
.50 
.A5 
.fl5 
.70 
.70 
.70 
.87 

.as 

.OS 

.ot> 

.00 


9#pt*l<Vt,  iNov. 


aao 

.00 
,00 

Mi 
.00 
,50 

.50 
.50 
.SO 

.SO 
.5S 
.54 

,m 
,m 

.57 
.55 

.50  I 

.60  ( 
,50  j 
,50  I 
.50  j 

.fit! 


0.5g 

.5S 
.55 
.47 

.m 

.07 

.«$ 


M 
M 
,i50 
JU 
,00 
,00 

,ao 

.00 

.m 
,m 
,m 

.00 
.00 
.00 


t.oo 

.00 

,m 

,00 
,00 
.00 
.00 

,^ 

.tffi 
,(« 

.OS 

A) 
m 

.m 

.00 
.00 
.00 
.00 
,57 

J>1 

,«) 


.  I 


o,r)<> 

.K» 

.ao 

.£0 

.47 
.47 
.45 
.45 
.45 
.45 
.45 
.45 
,45 
,50 
.50 
.50 
,S0 
,50 
.50 
.541 
.47 
.47 
.47 
.45 
.45 
A^ 
.45 

.4ri 

.45 


Oi40 
,:» 
.:« 
.^j 

.»& 
as 
% 
m 

35 
35 
135 
37 
35 
35 
^ 
35 
30 
.60 

m 
w 

75 

.m 

M 


«  Frozen. 


B«e, 


o.te 

.Uft 

l.fm 

1.(15 

IJl^ 

l.fW 

LAO 

L70 

1.^ 

L5& 

LOO 

1.60 

L66 

1.60 

L65 

L56 

1.60 

1.60 

1.70 

L70 

1.65 

L65 

L70 

L70 

1.66 

(«) 

(«) 

(") 

(«) 

(«) 

(«) 


Rating  table  for  Sevier  River  near  Ounnisoji,  Utah  ^  for  19(f^ 


^t. 

i 

Discharge,  i 

1 

Oage 
height. 

DlHcharge. 

1  height. 

Fttl. 

Second-feet. 

Feet. 

Second-feel. 

;      Feet. 

1     0.4 

6 

1.1 

59 

1        1.8 

.5 

11 

1.2 

69 

'       1.9 

.6 

17    1 

1.3 

79 

;     2.0 

.7 

25     1 

1.4 

89 

1       2.1 

'       .8 

as  1 

1.5 

99 

1       2.2 

'       •» 

41 

1.6 

109 

;     2.:j 

1.0 

49 

1 

1.7 

119 

i     ^'•'^ 

DiRcharge.  i 

1 

Gage 
height. 

Sevojtd-feet . 

Feet.       . 

129      , 

2.5 

139      ' 

2.6 

149     1 

2.7 

159     1 

2.8 

169 

2.9 

179 

189 

Dis<'hargo.  | 

I 

I 
Second-feet. 

199 

209 

219 

229 

239 


STREAM   1CEAS0EEMENT9   IN   ltt)2,  PAST    IV. 
EtttimataJ  monthly  di^hartte  at  SetHer  Hither  ntar  GunnUot%^  Ut&I*. 


DiiiolinTBe  ill  sicond-feet. 

l^ximiua. 

Mlnlfunm. 

Mtmi, 

164 

189 

Ul 

104 

t04 

14» 

104 

ai 

?6 

84 

7 

0.^ 

m 

7 

90 

as 

0 

U 

m 

n 

14 

28 

Id 

IT 

IS 

m 

17 

14 

s 

i» 

46 

5 

14 

llfi 

43 

100  1 

iU 

5 

54 

TotalioifcCTP 
feet. 


Investigations  in  relation  to  the  amount  of  seepage  in  tlie  Sevier  River  Ba 
between  Panguitch  and  the  Sevier  Bridge  between  Scipio  and  Juab. 


WATER  ENTERING  THE  DIFFERENT  VALLEYS. 

Date. 

LocaUty. 

Source. 

Quai 

1902. 

Secon 

August  9 

Panguitch  Valley 

Sevier  River 

August  10-11-.. 

Junction  Valley 

do 

East  Fork  of  Sevier  River. . 

City  Creek 

Total 

August  11 .     .  . 

Between  Junction  and 
Marys  vale. 

Sevier  River 



Tenmile  Creek . 

Cottonwood  Creek. 

Cottonwood  Wash  Spring. . 

Total 

- 

CLLl 


INTESIOB   BA8IK. 


91 


i$tigati(ms  in  relation  to  the  amount  of  seepage  in  the  Sevier  River  Basin 
lehreen  Panguitch  and  the  Setner  Bridge  h*'(fr*tn  Scipio  and  Juab — Cont*d. 

WATEB  ENTERING  THE  DIFFERENT  VALLEYS -Contiinied. 


Date. 

LocaUty. 

Source. 

Quantity. 

1903. 
.iwt  11-13... 

Marysvale  Valley 

Total 

Sevier  River 

BTillion  Oftek 

Srcmui-feet. 
38.0 
12.5 

Beaver  Creek 

2.5 

5:^.0 

:Ti8t  13-14-  - . 

Sevier  Valley  to  Rocky 
Ford. 

Total 

Sevier  River 

47.5 

Clear  Creek 

7.3 

Monroe  Creek  _ 

3.9 

Thompsons  Creek 

.2 

•  Redbntte  and  Cottonwood 
creeks. 

Water  Canyon  Creek 

Spring  Creek 

.3 

.3 
5.3 

Cove  Creek 

9.5 

Cedar  Ridge  Creek 

.5 

74.8 

Rocky   Ford  to  Red- 
mond Ford. 

Total 

Sevier  River. 

?T18tl4-15 

1.5 

Rocky  Ford  canal 

35.0 

Lost  Creek    . 

.7 

Salina  Creek 

7.8 

45.0 

RedmondFord  to  West- 
view  Bridge. 

Total 

Sevier  River. 

fU8t  15-16... 

15.5 

Westview  canal 

4.2 

Willow  Creek 

Sanpitch  River 

.5 
15.2 

35.4 

Do         

Westview    Bridge    to 
McArty's  Ford. 

Total 

Sevier  River 

Dover  canal 

Warm  Creek 

18  7 

10.7 
2.7 

32.1 

McArty's  Ford  to  Sevier 
Bridge. 

Sevier  River. . . 

list  16 

22.0 

^9 


HTREAM   MEASUREMENTS    Of   1002,    PAitT    FV. 


fnt^rMiigaUtm*  in  relatiim  to  tk^  amount  of  ftti^pagr.  in  the  ^rt*f#r  Rirer 
Mtn^t'H  PftHffuitrh  and  the  Sevier  Bridge  Itetween  Stip^  ftmt  Jmtit — Con 

iMOUNT  OF  WATER  DIVEKTEP  FOB  mBlGATION  IK  THE  DIFFERENT  VAJ 


nate. 


A-a^iBt  ft. . 


kfi^rnst  iruil 


ATlg13J»t.  tt 

Angoflt  11-18. 

Aiiifnft  l!^14. 


U»eftlltT. 


tktiftl  at  dltoli. 


P(miniit4^U  Vdlley 


Total 

Jnnetion  Valley  - 


^tol 


Between  JiiBCtion 
and  HaryHvale* 

Maryavale  Tftlley  - . 


Sevier    Vulley    U* 
Ri>ckv  ForcU 


/ 


ToUd 


*-»--*ii"H»f— 


East    Pauifuifcf'U    Irrigatk^n   CH 

cAtiaL 


Long  Catml  C^.  4'^iial 
Ea^t  Bench  Cti.  ranjil 
Pangniteh  Ormk^ . . . 
Littlt*  Creek.,..,, ,,^ 
McEw^an  dit<^  ...  _«. 

Honaton  dit^.  *  *  * 

TibVe  ditch.......... 

Ortau's  ditch ._., 

Peterson  ditch  ..,.,., 

WaUify  ditch 

Vaetor  ditch _. 

Keasler  ditch . 

Johnaau  ditch 


Miscelljmt^ufl  cAnala 

Jnnetion  Canal  Co.  upper  ditch  ^. 
Junction  Canal  Co.  middle  ditch  _ 
Junction  Canal  Cx>.  lower  ditch 
PriTate  ditch __  ^ , _ 


Not  given  . 

do,... 


CTear  Creek  irrii^ation  canal  . 
Joe*^ph  City  irriicatioii  canal  , 

Wel]«  irrigutioTj  canal  ... 

laaacmm  inrig^atiim  canal , , 

Monroe  irrigHtii  m  canal 

El  sin  ore  irrigation  canal. ,, . . 

Brook  1  in  irrij^atiun  canal 

Richfield  irrigatinn  canal 

Anabella  irrigarion  canal . . . , 

Candor  irrigation  canal ,, 

Vermilion  itTigation  canal  _  _ . 


Qa> 
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ksatigaiums  in  rdation  to  the  amount  of  seepage  in  the  Sevier  River  Basin 
between  Panguitt^  and  the  Sevier  Bridge  between  Scipio  and  J?m6— Cont'd. 

AMOUNT  OF  WATEB  DIVBBTED  FOB  IBBIGATION  IN  THE  DIFFERENT 
VALLEYS-Contlxnied. 

Dftte. 

LodOity. 

Canal  or  ditch. 

Quantity. 

1902. 
Angnst  14-15... 

August  15-16... 

Rocky  Ford   to  Red- 
mond Ford. 

Redmond  Ford  to  West- 
view  Bridge.  • 

Total      

Not  given... 

Second-feet. 
43.5 

Robbins  canal 

8.14 

4.20 

Other  canals 

15.70 

28.04 

Westview    Bridge    to 
McArty's  Ford. 

McArty's  Ford  to  Se- 
vier Bridge. 

Not  given . .  •. . . . 

Do 

13.4 

August  16 

None. 

AMOUNT  OF  WATER  LEAVING  THE  DIFFERENT  VALLEYS. 


Date. 


Locality. 


Name  of  river  or  canal. 


Quantity 
second-feet. 


1902. 

AugnstlO. 

Aognstll. 

Do.... 


August  13. 
August  14. 


Pangoitch  Valley 

Junction  Valley 

Between  Junction  and 
Marysvale. 

Marysvale  Valley 


Sevier  River  . 

do 

do 


Sevier  Valley  to  Rocky 
Ford. 


Total 


August  15. 


Rocky  Ford    to  Red- 
mond Ford. 


Total 


Do. 


-do 
-do. 


Rocky  Ford  and  Willow 
Bend  canal. 


30.7 
10.7 
38.0 

47.5 

1.5 
35.0 


Sevier  River 

West  View  canal 


Do...- 

^ugust  16. 

Do... 


Redmond  Ford  to  West- 
view  Bridge. 


Total ...j 

Westview    Bridge    to  I 
McArty's  Ford.  j 

McArty's  Ford  to  Se- 
vier Bridge. 


Sevier  River 
Dover  canal . 


36.5 

15.5 

4.2 

19.7 

18.7 
10.7 


-    Pangnitch    to    Sevier 
/     Bridge. 


Sevier  River 

do 

....do 


29.4 
22.0 

18.5 
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t^k  ii« 


iHi*^tKtiffatiatut  in  reUitiofi  to  the  ammtnt  nf  m^rpo^t  in  th^  Semef  Riwr  Havim 
ft  beiuHmt  Panguitch  and  iht^  tSt^er*  Bridge  Mte^t^k  Etipio  and  Jinffl^— CbntM. 


t)«t4« 


AtigUHt  8-10- * 
Angn^t  IQ-n 
Atigunt  11<.,- 

Anfiut  n-ia. 
AogQiil  la-u. 

Auiruiit  14*1§, 

Amrnil  15-19. 

t* 


L(M«lft7. 


P^mgnitch  Valley  . 

Jniiction  Valley  ,  .  _ , 

Ifelwt*t*ii    Juacticm 
I      iitvl  MArysimlp* 

Marysvale  Valley   . 

St*viifr     Valltty     tii 
Bficky  Ffi^. 

moDd  Fi*t4. 
Rftdniand   Font  la 

WmM^w     Bridge 

t<»lleAtt3r'0l'ora^ 

HcnArtyV  Ford    to 

'  PauieuitchtciSi^rier 
!      Bridge. 


Qouititr  ot  winter. 


46.9 
47.3 

5a,  0 

3S,4 

mA 

23.0 

U9.  t 


tJiedJbr 


fi.<t.O 

e.s 
n.o 

4«.5 

38.04 

R4 

a.o 


if«tkKii. 


Sfe-/L 

llpc.-/(. 

ao.7 

g^.? 

It**  7 

&1.& 

90.0 

44.5 

47,5 


S^piiCv 


03.5 


ae.5    100.86 


mA 

67*44 

S2.0 

35, 4U 

1^5 

1^5 

IS. 5   ati.i 


17.8 
37.  S 

109.0 


SAN   PITC^H   RIVER   NEAR  GUNNISON,  €TAH. 

The  station,  e^tHblisheil  by  Caleb  Tanner  on  June  30,  1900,  is  4 
miles  northeast  of  the  town  of  (iiinnisi>n,  at  the  ranch  of  the  observer, 
J.  P.  Jensen.  The  ga^  ei>nsists  of  a  vertical  i>ost  driven  firmly  int< 
the  IkhI  of  the  stream  and  strongly  brace<l.  The  bench  mark  is  th< 
top  of  a  cedar  |>ost  1  foot  in  diameter,  set  firmly  in  the  ground,  4^ 
feet  west  of  the  gage  roil.  It*  elevation  is  5.1H>  feet  above  gage  datum 
During  liH>2  the  following  measurements  wore  made  by  Caleb  Tanner 

May  17:  Gage  height.  5.^28  feet;  dwchan^e,  81  ^eoond-feet. 
Aognst  16:  Gagts*  height,  1.79  fet»t:  di^harge,  l.>  seoond-feet. 
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DmJ^  gage  height^  in  feet^  of  San  Pitch  River  near  Ghunnison,  Utah. 

Deo. 


D«j. 


liK. 


«... 
a.. 


Jwn. 


1.7* 
1.74 
L74 
l.» 

i.n 

i;7* 
].7e 
1.W 

1,711 

i,7e 

1.7» 

i.Te 

IM 
1.76 
1.7fl 
l.Tfl 
1.70 
L76 
Xt« 
L7S8 
1.7« 
1.T6 

L7e 

1.7ft 
1.^ 
1.7© 
tTB 
L7B 
1.7B 


Feb.  Mkt.  ApTh 


L74 
V74 
1.74 

1.74 
1.74 
L7» 
IM 
1.76 
1.7fl 
l,7fl 
1.7ft 
1.7* 
].7* 
l.tfl 

!,:« 

1.76 
t,7€ 
l.?« 
1.110 

t.Te 

1/71 


1.74 
1.74 

LTfl 
1.71 
1.7B 
LTO 
1.7a 

L7a 

l,7i 
l.Tft 
L7B 
L7* 
tTfl 
t7» 
l.TW 
LTfl 
L7« 
1.7« 
l.i» 
l.TU 
l.Tfl 
1.70 


1.74     I.Ttt 


L74 
L74 
1,74 

3.74 
1  74 


l.T« 

1.7« 
1.7fl 
L70 
1.7ft 


1,80 

i.m 

1,80 
LM 
L7* 

1.70 

i.m 

1.87 

l,flO 
1,W 

i.m 

l.flO 

i.w 
i.flft 
1.0: 

s.w 

S.ltl 

t.m 
a.m 


]ta7 


2.50 

*,7D 
».70 

ft.  70 
t,7B 
».70 
».«> 

a.  St) 
S.IO 

a.  10 
«.»? 

ISO 
£.30 

aau 

S.40 
3.a0 


Jtum. 


«L3a 

ra) 
s.s» 

e.90 

£.S0 

s.so 
g.10 
110 
tao 
lao 
£.10 
s.in 

110 
£  Ifi 

£.10 

a  J? 
3.00 

S.10 
»J0 


JtOx, 


g.00 

2Jm 

£.W 

S.W 

100 

£.K» 

f.OO 
£.00 

2.m 
s.oo 
«.oo 
3Laj 
a.  00 
8,00 
s.io 
*.io 
*.io 
a.  00 

s.on 

l.flO 

i.arj 

1.7B 
1.70 
1.70 
I  Til 
LTD 


Angn 


1.70 
1.7!) 
LTD 
1.70 
1.70 

i.ao 
hm 
i.m 

1.9Q 

i.ao 

176 
LflO 

i.eo 
l.aD 

L70 
1.70 
1.7ft 
I M} 
1.140 
1  !MJ 
I.«0 

t.0O 

1.80 

l.WJ 
\M 
l.Tft 


B*pt, 


1.T5 
1.7^ 
L75 
1.7B 
1.7B 
l.Ttt 
1.76 
1,7B 
1.7& 
1.76 
l.W 
1.75 
L7B 
1.75 
1.7^ 
1.75 

1.7a 

t.Tfi 

1.76 
1.76 
l.S 
1.R5 

i.ao 

1.76 
1.76 
1.1^ 
1.7S 
1.76 
Lt6 
L75 


Oct. 


1.75 
1,TO 
1.76 

l.W 
1.75 
l.Ttt 

1.1® 
L7S 
1,76 
1.76 
1.76 
l.71i 
1.76 
1,76 
IM 
LIS 
1.76 

lis 

1.76 
1.76 
L75 
1,76 
L75 
1.76 

i,n 

1.77 

1.77 

1.7T 


KOT. 


I.n 

LH 
L70 
1.70 
1.70 

1.70 
1.70 

170 
1.70 
1.70 
],7(» 
1.70 
1.70 
1,70 
1.70 
L70 
1.7I» 
L70 
1.70 
1.70 
1.70 
1.70 
].70 
1.50 
1.70 
1.70 
1,711 
1.70 
l.Ki 
1.70 


L70 

I.TO 
I.RD 

hm 

1.H0 

1.76 

l.TS 
1.70 
1,70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.66 
1.65 
1.65 
1.65 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


HafiTig  table  for  San  Pi'IpA  River  near  Gunnison,  Utah,  for  1002. 


I 


is^t. 

Diflclurg^. 

1 

j^t. 

Diflcliarg^. 

p^i. 

,  Second'fert. 

1     F>H. 

Serond'ftel 

1.70 

10 

1     1.92 

27 

1.72 

11 

1.94 

30 

1.74 

1            12 

1     1.96 

32 

1.70 

13 

i     1.98 

34 

1.78 

1            14 

i    2.00 

37 

1.80 

I            ^^ 

2.02 

40 

1.82 

17 

2.04 

43 

1.84 

19 

2.06 

45 

1.86 

1             21 

2.08 

48 

1.88 

23 

2.10 

51 

1.90 

1            25 

1                  1 

;  "■> , 

54 

Gag© 
height. 

Feet. 
2.14 
2.16 
2.18 
2.20 
2.22 
2.24 
2. 26 
2.28 
2.30 
2. 82 
2.34 


Discharge . 


Gag( 
heigh 


I  Second-feet. 

I      ^"^ 
I      59 

i  62 

!'  05 

i  68 

'  71 

i     ;! 

t  i 

80 
83 
86 


Feet. 

2.86 
2. 38 
2.40 
2.42 
2.44 
2.46 
2.48 
2.50 


Discharge. 

Henmd-ft-i-t. 

89 

92 

05 

98 

101 

104 

107 

110 


96 


8THKAM    MEASUREMENTS   IN    1902,  PABT    IV, 


t 


Eititmittcd  tnunthly  di*cltarge  of  Sun  Pitch  Miver  n^ar  Gunnimtti,  tJiah, 


1 

mmihrnr^v  In  seeoniUfwt. 

Total  in 
ftcre-feet* 

aiuwsff. 

1               Month, 

MlilltTlTlPli 

MltitniTiiH. 

mile. 

1 

Dt?p 
iiu: 

IMS. 

f 

January          .-~..., 

13 

IS 

18 

799 

o.oa 

February          ...... 

la 

IS 

la 

fn 

<0:3 

March  . . 

IS 

1« 

18 

791* 

.OS 

April  ,,,_. 

95 

10 

40 

2,:t80 

,05 

May.  ..._...„, 

155 

51 

lot 

n,3io 

,12  1 

June 

m 

87 

54 

3,  SIS 

.06 

July  _.____.,...,, 

si 

10 

9$ 

3,iiay  1 

.04 

Anfmst  ............ 

15 

10 

U 

aei 

.03 

Septtonlier ,  J 

31 

la 

u 

ms 

,03 

October.   ,_.. 

15 

18 

IS 

7W 

.03 

November ,^^ 

15 

10 

10 

505 

.01 

l>ecemlief . .  ^. .,  , . , , 

15 

7 

10 

015 

.01  ^ 

Tb^year , 

155 

I 

S7 

10,856 

.03 

1 

HUMBOLDT  RIVER  NEAR  OREANA,  NEV. 

Oil  the  lower  reaches  of  this  river  measurements  have  been  m 
for  a  number  of  years  near  Oreana,  and  the  results  show  the  amo 
of  water  available  for  storage  at  the  possible  reservoir  sites  in 
vicinity  of  Humboldt  station,  and  also  for  the  six  canal  systems  i 
in  operation  below  Oreana.  The  station  established  by  L.  H.  Tay 
January  27,  If^OO,  was  located  at  the  old  Oreana  highway  bridge,  at 
12  miles  northeast  of  Lovelocks,  Nev.  The  bridge  abutment  to  wl 
the  gage  was  fastened  was  undermined  and  fell  May  26, 1897.  A  t 
porary  gage  was  used  until  September  8,  1807,  when  a  new  incli 
one  was  placed  on  the  left  l)ank  of  th(^  river  about  a  mile  and  a  '. 
above  the  sight  of  the  old  gage  and  opposite  the  C.  P.  Railroad  sec 
house. 

This  gage  was  washed  out  and  a  new  vertical  gage,  in  two  pa 
was  placed  November  29,  1902,  by  E.  C.  Murphy.  The  gage 
spiked  to  piles  at  the  site  of  the  old  dam,  the  zero  of  the  old  and  i 
gages  coinciding.  The  bench  mark  is  four  nails  driven  into  pile 
which  the  upper  part  of  the  gage  is  fastened.  Its  elevation  is  5 
above  the  zero  of  gage.  The  channel  here  is  straight  for  about 
feet  above  the  gage  and  for  about  150  feet  below.  The  station  is  ] 
vided  with  a  cable  and  ear.  The  river  banks  are  high  and  not  lif 
to  overflow.  The  bed  of  the  stream  is  sandy  and  shifting.  ' 
observer  is  G.  A.  Sapp. 
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During  1902  the  following  discharge  measurements  were  made  by 
E.  C.  Marphy  and  D.  W.  Hays: 

July  23:  Gage  height,  1.75  feet;  discharge,  251  second-feet. 
Octoher  17:  Gage  height,  0.17  foot;  discharge,  22  second-feet. 

Daily  gage  height,  in  feet  ^  of  Humboldt  River  near  Oreana,  Net\ 


Dmr. 


l- 


Jan. 


1L.„ 


0.70 

.ID 
.TO 

.m 
.m 

.90 
■  W) 

1.00 
1.10 
L!0 

Lao 

L20 

l.flO 

LOiJ 

,110 

.«) 

.w 
too 

L£0 
L«> 

t^ 
1.40 
1.10 
1.00 
LOO 
.90 
,flO 


P*ib. 


aw 

.00 
.90 
LOO 
1.00 
1.20 
].»0 
1.30 
L4I0 
1.40 
1.40 
1.390 
1,30 
1.00 

.SO 
.SO 

.m 

.BO 
.70 
.TO 
.00 
,T0 

.m 
.to 

.00 


Mv. 


O.UO 

.w 
.«) 

.w 
i.m 

LOO 

.00 

1.00 
LOT 
.90 
LOO 
LOO 
LOO 
LOO 
1.00 
1.00 
1.00 
LOP 
LIO 
1.10 
LIO 
I.IO 
LJO 
1.10 
L30 

Lsn 

1.30 
LIO 
LIO 
LIO 
LIO 


Apr. 


LIO 
LIO 

Lao 

LSO 
l.SO 

i.ao 

L»P 

!.:» 

1.10 
LIO 
LOO 
LOO 
LOO 
LOO 
1.30 
Lao 
L»l 

\.w 
Lao 
Lao 

L20 
LIO 
LIO 
LOO 
LOO 
LOO 

J. no 

LOU 
LOO 


\ 


HarJjuiiB. 


LOO 
LOO 
LOO 

,m 

.40 
,50 
-flO 
.00 

.50 
.00 
.70 
.70 
TO 
,00 
.00 
.60 
.30 

.i» 

.80 

.w 

.10 
.2iO 
.30 
.W 
.410 
,70 
Mi 
LOO 


LOO 

LOO 
l.fiO 
1.70 
L»0 
LOO 
1.00 
LfiO 
L40 
1  10 

.m 
.m 

.00 
.50 

.w 

.00 

.m 

LOO 
1.3> 

1.311 

LMI 

l.filr 

LTT* 
LBf» 
LBI» 
L70 
L71» 


Jmj. 


2.ai 

S.OO 
LOO 
1.90 
£.10 
£.«0 
2.  Mi 

£.^ 
la.ao 

3.»0 
a.  30 

s.io 

^.10 

LSO 
L70 

LOO 
LW 
L«0 
LHI> 
LTTJ 
LTO 
LflO 

l.itr 

L.40 
L40 
Lill 


Aug-. 


Swpt. 


L30 
L20 
L30 
LSftl 
LSO 
L9Q 
LIO 
LIO 
IM 

LOO 
Ltt} 

.ao 
.m 

.flO 
.70 
.70 
.70 
.80 

.TO 
,«0 
.ai 
.m 

,ilO 

,.w 

.60 

,ao 

Mi 
,40 


0.^ 
,10 

.10 
.10 

.m 
.a> 

.30 
.80 
.40 
.40 
M 

.m 

,00 
.fiO 
,40 
.40 
,40 
.50 
.GO 

A*i 
.40 
.10 
,J10 

,40 
.40 


Ctet, 


0.f» 
,50 
,00 
Mi 
.00 

.40 
,11^ 


Not. 


0.40 
.4tJ 
.40 

.m 

.flO 
.») 


.^r  (til 

.S»      ffi) 


.30 

.ao 
.so 

.30 
.JIO 
,30 
.10 
.10 
.10 
.3S0 

.ai 

.30 
.40 
.40 


M 
.30 
.80 
.30 
.30 
.30 
.30 

.30 
.30 

M 

..% 

.5<l 


Deu 


O.tt) 
.41) 
.10 
.00 
.(b 
.40 

(fi) 

(^> 
(*) 
<«) 

(") 

(*!) 

.JSl) 

.^ao 
.m 

.10 

.0) 

.30 
.10 

.10 
.90 
.30 
.3D 
.30 
.:«) 
.30 


Bating  table  for  Humboldt  River  near  Oreana,  iVer.« 


beSR. 


Dtecharge.  ||  j^^W^   |  Discharge.      j^^W .   j  Dlec.hargo 


I 


0.1 
.2 
.3 

.4 
.5 
.6 

.7 


I  Second-feet ^\\ 

I       ''  :i 

24  i| 

29  11 

35  !| 

I           42  ;! 

50  \ 
59 


0.8 
.9 
1.0 
1.1 
1.2 
1.3 
1.4 


Secorui-feet . 
69 

80     i 
92 
105 

119  : 
134  ; 

150 


Feet. 

1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.1 


^Second-feet. 
I  168 

I  187 

I  207 

229 
252 
277 
304 


Gage 

height. 

,  Dischargo. 

Feet. 

'  Second-feet. 

2.2 

333 

2.3 

;          364 

2.4 

397 

2.5 

432 

2.6 

:          470 

2.7 

:          511 

[ 
\ 

\ 

h^^!Lt!IS»f%^^Z^*u  ™'*^^'!t  ^^f  «<»"on  during  1902  and  tbi»ta\Ae  \a  \)\x\.  a.vpT<«.VcM.\». 
hieing caaetncted  from  these  and  the  dischargre  curve  for  the  year  1901. 
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HTBEAM   1IEA>;UREMKNTS    IN   IBOS,  PART    IV. 


1 


k 


^1           Monti). 

DiachikT^B  in  MCH>&d~t«et. 

Toittltn 

Bwi^off. 

ltfc^rf^HftT^t■l 

'— - 

Hjmn. 

per  mam 

t 

1902, 
January  . . .    . . 

IRO 

119 

99 
fiT? 
611 

m 

m 

59 
59 
99 

m 

19 

43 

194 

S5 

19 

94 
91 
06 
107 

mi 

27» 

5,780 

• 

O.OOT 

March              

5,90S             .007 

April 

May ...,..., 

Job©- ,..-.•... 

July      _,. 

Atiguiit  

September  _^..,,,,, 

A,da7 

8,197 

18.970 
4^613 
S.083I 
l.9«l! 

1,785 

i,7n 

.008 
.004 

.oto 

•  090 
.005 
.04)8 
.003 
.003 

October,.. 

November  _......._ 

December .,._| 

The  year , 

19  1         0^ 
34  1         SU 

19  ;          38 

Ul 

19 

8a 

m^sm 

•OOtt 

HUMBOLDT  RIVER  NEAR  GOLCONDA,  NEV. 

The  gaging  station  at  Golconda  is  located  near  the  great  nort 
bend  of  Humboldt  River  and  below  the  central  valley.  It  is  abo 
miles  above  the  mouth  of  Little  Humboldt  River.  The  station 
established  by  L.  II.  Taylor  October  24, 1804,  and  has  been  mainta 
continuously  since  that  time.  It  is  located  1^  miles  north  of  the  t 
The  new  inclined  gage,  installed  November  28,  1902,  by  E.  C.  Mur 
is  fastened  to  the  left  bank  by  4  by  4  inch  stakes.  The  zeros  of  th- 
and  new  gages  are  at  the  same  elevation.  The  bench  mark  h 
by  4  inch  timber  driven  4  feet  north  of  the  cable  post  on  the  left  b 
at  an  elevation  of  10.75  feet  above  the  zero  of  the  gage.  Meaj 
ments  are  made  from  a  cable  and  suspended  car.  The  banks 
moderately  high,  but  liable  to  overflow  at  extreme  high  water, 
bed  of  the  stream  is  of  gravel  and  sand  and  is  somewhat  shifting 

During  1902  the  following  discharge  measurements  were  mad 
E.  C.  Murphy  and  D.  W.  Hays: 

July  24:  Gage  height,  2.40  feet;  discharge,  218  second-feet. 
October  16:  Gage  height,  —0.16  foot;  discharge,  1.2  second-feet. 
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Daily  gage  height,  in  feet,  of  Humboldt  River  near  Oolconda,  Nev. 


D»T, 


L 

JL , 

t. 

!..„,„ 

k „ 

t..„._. 

».-..„.- 

IL,- 

VL,. 

H. 

JL. 

».....„.. 
IT. ,. 

». 

Hi 

a 

a. 

!?.,. 

.......... 

a... 


Jmi. 


LIO 

1.06 
1.0D 

!-*» 

i.oa 

IM 
l.t» 
IJO 

Lao 
i,M 

1.40 

LIO 
1.^ 
1.3D 
LIO 
t» 
1.SD 
1,10 
L10 
LIS 
LIO 
LIO 
LOO 
LQO 


ftob. 


LIO 
LIO 
l.IA 
L1& 

LSO 
1.90 

\.m 

LIO 
L10 
LIO 

Lii 

L30 

1.30 
LIO 
LfiO 
L50 
LflO 
L60 
Lfl5 
LfiO 
L«0 
LliO 
LflO 
L» 
LflO 
IM 


Ibr. 


Apr 


L70 

LTD 
l.t<^ 
L@0 
LW) 
2.00 
S.OO 
L90 

£.(» 
S.10 

a.  10 

LVO 

LVO 
LfiO 
LOO 
ZOO 

auo 

£,10  I 
8.10  ' 
2 JO  I 

a,  10 

£.00 
11.15 
2.00 
£.10 
t.U 
£.10 


£.»0 

£.90 
£.% 

t.m 

z.m 
2.m 
Slav 

£.3n 

t.m 

£.% 
£.10 

£,eo 

a  00 

£.70 
8.7t) 
£.00 
£.65 

£.ao 

g.AO 
£.«0 
£,70 
1.10 
2M 
£.00 
£.111 
£,Tfi 

£.:is 
2.m 


MAf.ImtA. 


I 


£.« 
£.75 
£,70 
rTO 
£.t6 
£,76 
£,IW 
£;«0 

a«o 
noo 

a.  10 
am 
%m 
s.m 
am 
aiii 
a  10 
n.m 
a.30 
a.  15 

a^ 

aiji 
a.£n 

3.15 

0.30 

s.ao 
a.  9) 


July- 


a.  15   1.30 
a.sd '  125 


fl.£S 

3.30 
3, 3D 
3.35 

3.40 
3.45 
9.50 
a55 

aoo 

4,00 
LIO 
4,15 
L£0 
4,^5 
4,1^ 
4.30 

Lao 
La 

4.30 
L35 
L30 
4.80 
L35 
4,30 

i.an 


4.£0 
4J5 
LIO 
4.1V) 

aeo 

a«» 
aw 
a«» 

3.50 
3.A) 

a  so 

3.10 
£.«A 
£.75 

8.  TO 
£.70 
£.00 
£.<15 
£.50 
£.50 
£.40 
£.40 

ssai 

£.£0 
£,10 
LID 
l.ttO 
1.70 


An^, 


fiept. 


l.A» 
1.50 
L40 
1.35 
1.31 
1.:© 
L4iO 
L5I1 
1  40 

L30 
1  85 

t.£l> 
LIO 
LOO 

.eo 
.m 

.70 

.00 

.50' 

.40 

.30 

.10 

.m 

,£5 


.HO 


.40  ' 
,50  ' 


o.ao 

10 
.35 
,40 

40 

.go 

.40 
.30 
.£0 
.10 
,W 
.30 
.35 
.10 
.00 
.00 
.00 

,«1 
,«> 

,flO 

,?o 

.70 

.as; 

.70 

.75 
,50 
.50 
.40 


I 


Oct. 


0.10 
.30 

.an 

.£0 
.15 
.10 
.05 

.m 

-  .fft 

-  .10 
.30 

-  .10 
.10 
.00 
.10 

.so 

-  .10 

-  .£0 
.SO 

-  .30 

-  .15 
.15 

-  .10 

-  .10 
,00 
.10 
.15 
,£0 
.tfi 
.10 
.00 


Not. 


-0.10 

-  .10 

-  .15 

-  .16 

-  .30 

-  .16 
'  ,10 

-  .10 
-.10 

-  .15 

-  .10 

-  .10 
,10 

-  ,10 

.m 

,00 
,10 
.10 
.15 
.15 
.10 
.10 
,10 
.10 
.15 

-  .10 

-  .15 

-  ,» 

-  ,10 

-  .10 
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D«e. 


+0,10 
,00 
.00 
.00 
.10 

-  .10 
.10 
.00 
.DO 
.10 
.10 
.15 
.15 
.15 
.10 
,10 
.00 
.10 
.10 
.10 
.10 
.£0 
.80 
.30 
.40 
.10 
.50 
.flO 
.0) 
.TO 


Rating  table  for  Humboldt  River  near  Golconda,  Nev.,  for  1902, 


height. 


Ftei. 

-0.2 

.0 

.2 

.4 

.6 

.8 

1.0 

L2 

L4 

L6 

L8 

2.0 


Diflcharge. 


Second-feet 

0.8 

8.0 

8.0 

14.0 

22.0 

30.0 

40.0 

52.0 

66.0 

82.0 

99.0 

118.0    , 


Gage 
heiglit. 


Feet. 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 
4.4 


Discharge. 


Second-feet. 
139 
162 
188 
217 
248 
283 
320 
359 
400 
443 
488 
535 


Qage 
height. 


Feet. 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 


Discharge. 

Second-feet. 

584 

635 

688 

74i^ 

802 

865 

931 

1,000 

1,073 

1,149 

1,228 

1,311 


I     Gage 
height. 


Feet. 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 


\\ "  \ 


Discharge. 

Second-feet. 
1,400 
1,495 
1,594 
1,700 
1,815 
1,943 
2,088 
2,256 
2,451 
2,675 
2,935 


X 


.00 

i 


STREAM   MEASUREMENTS   IN   1902,   PART    IV.  l^^i 

E^timntmi  f monthly  dittcfutrge  of  Humlmldt  River  near  Ookonda,  A«?. 


1903, 

January  

Febraary 

\  Msach .., 

AprU  *..,^^ ,,, 

Blay ., 

Jtme - 

July  _.,,.,._,. 
Aiignet  ..,*,,. 

September 

October 

November...-. 
Deoember .-... 

Th^yeor 


DfKlmn^  tn  aeoond-fcetk 


MftximuitL. 


m 

134 
gl7 

mi 

511 


U 
A 

m 


MifllmniiL.     U«*u> 


m 

m 

•am 

1 

1 


1 


56 

117 
t77 

413 

28S 

S8 

16 

4 


Btt|t~Qtf. 


120 


8.44H 
a.  610 

T,m 

15,864 

M,575 

17,3^8 

S,3S7 

346 
179 
4B@ 


.0060  I 

jiitie  I 

.0164  I 
•03^9  I 

.026S  I 

,00S5  I 
-0015 

JXI04  I 
.0003  I 


.0007 


I 


mjm 


.0111 


Am 

.mm 
jm 

,m 


HCJMBOLDT  RIVEB    AT   PALmADK,  NEV. 

TliiH  station  war  est  Ab  lis  lied  November  27,  1002,  by  E.  C.  Muriibv. 
It  is  loeiitred  at  Piilisade,  Nev.  The  pijbce  is  a  plain  staff  graduaW  to 
feet  and  tenths,  locate  J  alKiiit  nn  eighth  of  a  mih^  downsttn?am  frfjni 
the  cable  from  which  the  measurements  am  made.  The  gage  h  resA 
daily  by  J .  O .  B r oo ks .  The  e. Iia ri ii e  1  is  *h t ra i g  1  i t  f o r  i?(X)  fee t  a lx> ve  and 
300  feet  t^low  the  Btatioiu"  The  banks  are  Ijoth  high.  The  bed  of  the 
stTCam  is  permanent.  The  beu<?h  murk  is  a  spike  and  three  nail* 
driven  in  the  timlK?r  to  which  the  t^age  is  fastened.  Its  elevatiou  is7 
foet  above  the  zero  of  the  ga^e, 

Ikst'l^  gtige  hftght^  infmt,  of  ITHmboidt  Hither  ijf  P(di>tatli\  JVfei?, 


my, 

* 

Hov, 

Boiv 

D»y. 

Hot^. 

D«c. 

Dfty, 

Nor. 

Deci. 

i     D»y. 

1 

Nor.JD»^ 

iQoa. 

l.fll 

1.80 

t5D 

Lfifi 

letttL 

0 

tfifi 

LflO 
1.65 
lan 

L40 

i9oe. 

17- 

LfiO 

1.45 
1.40 
1.4(1 
1.4S  ' 
ISO 

itwe. 

( 
1  \M 

10       .     . 

18. 

£6 

tfi 

11, 

1ft......... 

27 

1,»     l-* 

l*.„.V.... 

so_ 

as 

i.m    1** 

'  W  , 

Si 

S9 

1  i.'i    I''*' 

15 

©......... 

flO.. .- 

L86      I'** 

s^ 

31 

l.liS 

IB 

S4 

_,-— - 

nrnx.] 
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PINB  CRBBK  AT  PALISADE,  NEV. 
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This  station  was  established  November  27,  1902,  bj*^  E.  C.  Murphy. 
It  is  located  at  the  railway  bridge  1  mile  southwest  of  Palisade, 
Xer.  The  gage  is  a  plain  staff  graduated  to  feet  and  tenths,  spiked 
to  the  right  abutment  of  the  railroad  bridge.  It  is  read  daily  by  J.  O. 
Brooks.  TThe  channel  both  above  and  below  the  station  is  straight. 
The  banks  are  high  and  liable  to  overflow  only  at  very  high  water. 
The  bed  of  the  stream  is  permanent  and  is  composed  of  gravel  and 
auid.  The  bench  mark  is  a  spike  and  three  nails  driven  into  the 
timber  to  which  the  gage  is  fastened.  Its  elevation  is  7  feet  above 
the  zero  of  the  gage. 

A  measurement  was  made  October  14,  liH)2,  by  E.  C.  Murphy,  which 
showed  a  discharge  of  7.2  second-feet. 

Daily  gage  height,  in  feet ^  of  Pine  Creek  at  Palisade,  Nev, 


JMT.       Not. 

Dec.         D^y.        Nor. 
1 

Der. 

JHt. 

Not. 

Dec. 

Lit* 

xm 

l,7fi 
LEO 
1.7B 
1.% 

i.ao 

D»y. 

Nov. 

Dw. 

1    "*       i 

line,     I 

l.W     9 J 

i.ai  '  10. — ! 

L40 
1.W 

IttS. 

1H_„ 

1Q(E. 

LSB 

1 

^    . 

L40 

,"■*" 1' 

1*B0  '  11 

19 

gr 

1  35 

1.35  1  1*     -           --    . 

SO        ,    .- 

SK 

1.00 

1.4& 

Lfl5 

IM     U... '.,-.„ 

a U- 

9B . 



m 

l.TO 

1                                1 

ao. 

1.16 

1 
1.^ 

1                     ^--— 
LIfi     15                '      . 

& 

31 

1  BO 

1..   .          1 

1                     1 

^ 

HUMBOLDT  RIVKR  (SOUTH  FORK)   AT    MASON'S  RANCH  NEAR 

ELKO,   NEV. 

The  station,  established  August  29, 189G,  by  L.  II.  Taylor,  is  located 
10  miles  southwest  of  the  town  of  Elko  and  about  G  miles  above  the 
junction  of  the  South  Fork  with  the  main  stream.  The  gage  is 
inclined  and  spiked  to  posts  drivoii  firmly  into  the  right  bank.  A 
Dew  inclined  gage  was  placed  by  E.  C.  Murphy  November  22,  1902. 
It  is  at  the  site  of  the  old  ou(\  the  4-foot  marks  of  old  and  new  gages 
coinciding.  The  l>ench  mark  is  a  4  by  4-inch  timber  driven  4  feet 
south  of  the  gage.  It  is  0.29  feet  above  gage  datum.  The  meas- 
urements are  made  from  a  cable  and  suspended  car  at  a  point  1  mile 
above  the  gage,  the  latter  being  placecl  near  the  farm  of  the  observer, 
for  his  convenience.  At  the  point  of  measurement  the  banks  are 
high,  and  the  channel  is  straight  for  some  distance  above  and  below 
the  station.  The  bed  of  the  stream  is  of  rock  and  gravel  and  quite 
stable.  There  is  a  good  site  for  a  reservoir  a  short  distance  above 
the  station. 
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ftTBEAM    MKASITREMENT9    IN    lS»Ce,   PART    IV, 


l»a^ 


In  1902  the  following  dlsclidi^  meast]rertii*Dl  w*mi  tntulo  by  E.  C 
Murphy: 
^  October  It:  Oftge  height,  O.M  feet;  discharge,  12  second  feet. 

Daitg  gagv  heights  «»  f^t,  of  HHmbttlfit  River  {South  Fork)  a/  3iamn*»  rai^ 

near  Elka,  Ner. 


D»y. 

Jad. 

P«b. 

Mat. 

Apr.  Mar.  Jane.  Jii1t.,Aiw. 

1       i 

diipt. 

OtA. 

Wot. 

mf 

1HK 
1 .-.»,-- «»- 

a^ 

(L» 

ikm 

im   &tt 

£.196 

a  10 

k«l 

o.otv 

0,30 

tw 

u 

!t,.^,-...^       -.-.*...-. 

.TR 

.m     nft 

i.xi   ii«o 

».«» 

v.flo 

i.aD 

.05 

M) 

I.OP 

II 

iL , «.-*„„„* 

.7B 

.« 

.m 

Lm     3.00 

aa» 

±m 

1.10 

05 

.» 

i.ni 

s 

4- ^^, -, * 

.TO 

.10 

.% 

l.«l    itu 

aso 

iLm 

1.10 

.OS 

as 

LOO 

4u^  -,  ._,  -  ,-,^*^  ^^^HT^-*-"  *  --- 

,10 

.w 

M 

1.10    «.70 

aao 

t.7h 

1.10 

.05 

.36 

1,10 

i 

•.....„<-.«._.,-«- 

.ni 

.m 

.m 

i.«il  s,eo 

i.lU     £.£0 

l.UO 

-00 

m     t.K) 

u 

T. ...„._ 

,1U 

;to 
,70 

.90 

MO 
HO 

1.95    E.70 

t.m[  K,9o 

4.10    l«l 

l.OO 
I.OD 

..« 

Lno 

.SO 
.4& 

.40 
.4(» 

.4r» 

.40 

MO 

iin 
no 

1. 10 

I 
1. 

i,. „-.„ 

4.60 
&0» 

aa 
aao 

I.,^.»,,,«*^. * 

W... . ...... 

U .- „«,. 

.70 

Mt 

1, 10 

&IK)    ^w 

^^ 

e.9o 

l.flO 

,ai 

.4U 

i.tu 

t, 

II.,,           ,     _.  , 

.70 
.70 

MO 
MO 
MO 
MO 
MO 
MO 

£,  a>  i  a  II) 

5,70 
S.Tdl 

ri.OD 
4,«U 

«,«o 

a» 

aio 

^10 

l.«0 

.so 
.to 
.m 

.30 

M 

,m 

.35 

.on 

.05 

i.ao 
i,m» 

L3> 

L 
I 
^. 

ti 
tl 

IBu......      _    _    . 

U_....... ....„,„..„ 

,70 

.10 

.to 

1ft    .  * 

ii... ...      ..... 

m.-. ...- .„. 

s.% 

aw 

18. ,,„,,. 

.70 

,in 

ll& 

3e.S0 

a  10 

4.fiO 

8.W 

,60 

.15 

,ie 

hm 

ii 

W.        .,-    ^  ..^s. 

.70 

.70 
.70 

,70 
,70 

Mfi 

1.15 

e;«o 

A.  10 

4.fl0 
i.50 

aat» 

1,90 

l.PQ 

I.  re 

.70 
.70 

.70 
.70 

.10 

.10 

,30 

.70 
.70 

.70 
.75 

i.« 

Lfll 

i,au 

MO 

t 

»...._. „.  „ 

tMi    K.7I* 
2,HU     ^.75 

r 

it .-_ 

T 

m, .. .„,. 

t. 

m. -,-« 

2iJ:l>    t.m  ]  4.111 

L 

u ,„ 

,70 

Qfi 

i.m 

£.Tri    f.eo    4,  Mi 

i.:5 

.70 

.m 

,75 

MO 

L 

m. - ....„,... 

.70 
.7S 

l 

.7& 

S  7r>     «.7T>     4.10 

17A   t.fQ   iam 

1.7S 
1.7S 
L5U 

i.sn 

.TO 
.70 
.70 

.70 

.as 

,«0 
.00 
1.00 

i.ia 

l.SO 

1. 

a. ,. 

1, 

«,...... 

£.711  '  aiKI 

I. 

»—„..... 

L 

«L« 

.75 

...... 

i.m 

S,  711    S,  fW 

a.4() 

1,4(1 

.70 

.s& 

1.00 

1.30 

L 

»..........___ „... 

.m 

L»^ 

sjii '  :i.»i 

3,a> 

L40 

-TO, 

.00 

1,00 

La>    L 

m .., 

.75 

LStk 

1- 

1.4Q 

.«E 

*,_.„ 

1.00 

L 

i  Rating  table  for  Humboldt  River  (South  Fork),  at  Maaon'a  ranch,  Nevada, 

for  190i:\ 


I 


Oaffe 
height. 

Discharge.  1 

hoi^t. 

Discharge. 
Sec-feet. 

Gage 
height. 

Feet. 

Discharge. 

height. 

Discharge 

Feet. 

Sec-feet, 

Feet. 

Sev.-feet. 

Feet. 

Sec-feet. 

0.4 

7 

2.0 

276 

3.6 

740 

5.2 

1,230 

.6 

24 

2.2 

327 

3.8 

801 

5.4 

1,293 

.8 

47 

2.4 

382 

4.0 

862 

1       5.6 

1,354 

1.0 

74 

2.6 

439 

4.2 

922 

1      5.8 

1,41ft 

1.2 

105 

2.8 

499 

4.4 

9H3 

6.0 

1,47^ 

1.4 

141 

3.0 

559 

4.6 

1,045 

' 

1.6    \ 

182    , 

3.2 

619 

\      4.8 

\                  V 

\ 

1.8  j 

227    I 

3.4 

679 

1  " 

\ 

'1 
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%ted  monthly  discharge  of  Humboldt  River  {South  Fork)  at  Mason's  ranch, 
near  Elko,  Nev, 

[Drainage  area,  1,150  square  milee.] 


Discharge  in  second-feet. 

Bnn-off. 

Month. 

MinlmTitn 

Mean. 

Total  in  acre- 
feet. 

Second-feet 

Depth  in 
inches. 

1902. 
rv  - 

41 

67 

122 

499 

831 

1,385 

589 

122 

30 

74 

105 

122 

35 

41 

67 

122 

439 

544 

141 

30 

0 

2 

74 

105 

37 

61 

92 

349 

550 

959 

313 

59 

7 

29 

96 

119 

2,275 

3,388 

5,657 

30,767 

38,818 

57,064 

19,246 

3,628 

417 

0.032 
.053 
.080 
.304 
.478 
.834 
.272 
.051 
.006 

0.037 

MT  - 

.055 

.092 
.339 

.551 

t 

.934 
.314 
.059 

iber  .   . 

.007 

T    .            

1,783 

-oa,*! 

.029 

iber 

5,712  1          .083 

.093 

ber 

7,317 

.103 

.119 

The  year 

1,885 

0 

223 

161,072 

.193 

2.629 

HUMBOLDT  RIVER  NEAR  ELKO,   NEV. 

)  station  at  Elko,  established  Juno  17,  1895,  by  L.  H.  Taylor  is 
(d  at  the  highway  bridge  1  mile  southwest  of  the  town.  The 
is  inclined,  fastened  to  iron  bolts  driven  into  the  solid  rock,  and 
ced  on  the  left  bank  immediately  below  the  bridge.  The  bench 
is  on  the  southwest  corner  of  the  cofferdam  surrounding  the 
pier  of  the  bridge,  80  feet  north  of  the  gage,  and  is  at  an  eleva- 
f  7.50  feet  above  gage  datum.  The  right  bank  is  quite  low;  the 
\  high  and  rocky.  The  bed  of  the  stream  is  of  gravel  and  sand, 
I  slight  tendency  to  change  during  flood  stages. 


eTREAM    MEA9UEKMENT8    IN    1902,    PART    IV- 


[»(Xtl 


The  following  discharge  measurement  was  madtj  m  1902  bj  E.  Q 
[urphy. 

October  11:  Gn^e  height,  1*W)  feet;  discliarge,  1.1  secijnd-feet. 
Daily  gage  height,  iw/eef,  of  HttiRboldt  Rh^&t  fwar  Elko^  Ntv. 


D«y. 

JftIL 

Feb. 

Mar. 

Apr. 

Mar. 

Jttne. 

July. 

Amr^ 

Sept     Oci 

t 

1«Q0. 

3.€0 
S.O0 
£.!» 

».» 
/.» 

it  76 
£.79 

«LHJ 
1187 

£.60 

aw 
am 

4.30 
4% 

4.  in 

4.10 
4.00 

%lh 

aTs 
&«) 
aw 
ana 

H.MtJ 
8.85 

a  70 
a7» 

aso 

aso 

a  15 
au 
ai3 
ai& 
au| 
aoo  1 
'    aoo 

1.00 
LflO 
LOO 

lt» 
1.9U 
1.00  1 

t7D|      in 
1.70       im 

1 

4- 

i,ml    t.m\ 

4.00        a4fi 

4 

IM 
1.ST 

t.ST 

4.30 
4.10 

aio 

1.70 
1.70 
1.70 

3 

i 
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Bdonac 

acking  water  up. 

Rating  table  for 

Huml 

ioldt  River  ne 

'ar  Elko,  Nev. ,  /or  1 

90^. 

Gaflre 
height. 

Discharge. 

Gage 
height. 

I 
Discharge. 

Gage 
height. 

Discharge. 

height. 

Dischi 

*rge. 

Feet. 

Recond-feet. 

Feet. 

iSec<)n< 

i-feet. 

Feet. 

Secotui-fcet. 

Feet. 

.Secoiw 

l-/eet. 

1.6 

0.5  1 

3.0 

190 

4.8 

743 

6.6 

1,550 

1.7 

1.0  ! 

8.2 

240 

5.0 

822 

6.8 

1,655 

1.8 

7.0 

3.4 

292 

5.3 

903 

7.0 

1,763 

1.9 

14.0  1 

3.6 

346 

5.4 

988 

7.2 

1,873 

2.0 

22.0 
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402 
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1,986 
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43.0 

4.0 
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1,166 
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2,101 
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6.0 

1,257 

7.8 

2,218 

I 

2.6  j 

104,0  1 

4.4 
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ft.  2 

\        \.^  \ 

.       ^.<i 

i      2,3:39 

1 

2,8 

14^ 

"1 

4.6 

667 

ft.4 

\      XM^\ 

\    ^ 
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Estimated  monthly  discharge  of  Humboldt  River  near  Elko,  Nev. 
[Drainage  area,  2,840  square  miles.] 


Month. 


19Q2. 

Jttinary 

Pehmary 

Kaich . 

April 

May - 

June 

Jidy 

ATigust  - 

September 

October  1  to  14 


Discharge  in  second-feet. 


'M^^^.Y^TTl^t^l     Minimnm.      Mean. 


104 

190 

190 

748 

594 

1,148 

360 

48 

1 

1 


10 

70 

184 

155 

346 

382 

50 

1 

1 

1 


Of 

96 
158 
822 

460 

767 

187 

14 

1 

1 


Total  in 
acre-feet. 


Rnn-o£F. 


Second- feet 
per  aauare 


8,505 

5,882  I 

9,408  ' 

19,160 

28,284 

45,640 

11,498 

861 

60 

28 


0.0197 
.0388 
.0589 
.1184 
.1620 
.2701 
.0658 
.0049 
.0004 
.0004 


Dvpthin 
inches. 


0.023 
.035 
.062 
.126 
.187 
.801 
.076 
.006 
.0004 
.0002 


HUMBOLDT  RIVER  (NORTH  FORK)  NEAR  HALLECK,   NEV. 

This  Station  was  established  October  10,  1902,  by  E.  C.  Murphy.   It 
is  located  aboat  2  miles  west  of  the  Southern  Pacific  Railroad  station  at 
Bburz.     The  nearest  post-oflBce  is  Halleck,  Nev.     The  gage  is  an 
inclined  4  by  4  inch  timber  graduated  to  read  direct  to  feet  and 
tenths.     It  is  read  daily  by  the  observer,  Joe  Dolce.     The  measure- 
ments are  taken  from  a  car  and  cable.     The  channel  is  straight  both 
*bove  and  below  the  station.     The  current  is  swift.     Both  banks  are 
high.     The  left  bank  overflows  at  very  high  water.     The  bed  of  the 
stream  is  permanent  and  composed  of  gravel  and  silt.     The  bench 
^ark  is  a  4  by  4  inch  timber  driven  into  the  ground  about  20  feet  up- 
stream from  the  cable.     Its  elevation  is  G.99  feet  above  the  zero  of  the 
^age. 


^^ily  gage  height,  in  feet,  of  the  Ilmnhohlt  River  {Xarth  Fork)  near  Halleck, 
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STREAK   MEASPTIEMENTS   m   19t^,  TAWT  TV, 


fmt 


^Vh 


1 


HAETS   RIVER   AT   BRADLEY'B    HOMK   RAKCtt,  NEAR   DEETM,  KfiT, 


lisfitutlon  is  IochUhI  uu  Bradley'j^  mtiLrli  at  th»  wagon  bridge  jiUiut 
20  miles  upstroam  from  the  maittb  or  from  Deeth,  Nev.  The  gage  k 
aTertloul  8taff  graduated  to  feet  and  Wnthsj  and  is  spike*!  to  tin*  pier 
of  the  bridge.  It  is  read  twico  daily  byiieorge  Hurry.  Th*"  channel 
IB  straight  both  above  and  below  th^  gtiitioii.  The  banks  lire  high  mi 
the  bed  of  the  «tream  Is  eomjKJsied  of  silt  and  clay.  The  bent'h  mark 
is  a  4  by  4:  inch  tiuilwir  fset  on  the  left  f>ank  35  feet  from  the  ^^age.  Ite 
elevation  is  9. 28  feet  above  the  zero  of  the  trage. 

A  measurement  October  10,   1005,  by  E.  C.  Murphy  showed  do 
discharge. 

K 

^^  Dtiilff  gug»  }wighi,  in  feet  ^  of  Marf^tt  Rit^r  ttettr  Deeth,  A'*?r, 
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WALKER  KIVER  NEAR   WABUBKA,  NEV. 

Thi.s  st-ation  was  established  July  22,  1902,  by  L.  TL  Taylor.  It  was 
equipped  December  12,  1902,  by  E.  C*  Murphy.  It  is  located  about 8 
miles  east  of  Wabuska,  Nev.  The  gage  it*  a  vertical  staff  graduated 
to  feet  and  tenths  and  located  about  50  feet  upstream  from  the  cable, 
from  wli  i  el  i  m  e  a  s  u  re  m  e  1 1  ts  a  rt  ?  a  ad  e .  Th  e  gage  i  s  read  twice  d  a  i  ly  bj 
W,  11,  Mitchell.  Th*i  channel  is  .straight  both  above  and  l)elow  ih^ 
station.  The  banks  are  high.  The  l>ed  of  the  stream  is  sandy  and 
shifting.  The  bench  mark  is  four  nails  driven  in  the  northwest  corner 
of  the  pump  platform  35  feet  east  of  the  gage.  The  elevation  of  the 
bencti  mark  is  G.94  feet  above  the  zero  of  the  gage. 
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ng  1902  the  following  discharge  measurements  were  made  by 
larphy  and  L.  H.  Taylor: 

1I732:  Qage  height,  1.00  foot;  discharge,  47  second-feet. 
;tober  7:  Gage  height,  0.48  foot;  discharge,  0.71  second-foot. 


Daily  gage  height. 

in  feet,  of  Walker  River  near  Wabuska, 

Nev. 

Day. 

July. 

Aug. 

0.00 
.55 
.60 

.50 

Sept.  1    Oct. 

1 

Nov. 

Dec. 

1902. 

0.20  i      0.20 
.20  1        .20 
.20  '        .20 

0.00 
.00 

.00 

.65 
.66 
.55 

.00 

.65 

.66 

.70 

.70 

.80 

.90 

1.00 

1.00 

1.00 

1.00 

1.06 

1.15 

1.30 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.40 

1.35 

1.30 

1  30 

1  30 

1.30 

.20 
.20 
.20 
.20 
.20 
.20 
.20 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.15 
.20 
.20 

.25 
.25 
.25 
.30 

.:« 

.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.30 
.35 
.35 
.35 
.40 
.45 

m 

1.35 

.45 

.40 
.40 

1.40 

1.40 

1.50 

1  70 

1 

1.70 

1 

.40 
.40 
.40 
.40 
.40 
.40 
.40 
.35 
.36 
.30 
.30 
.30 

1.70 

1.76 

1 

1.76 

1 

1.76 

1 

1.80 

1 

1.90 

1 

1.90 

1 

1.86 

1 

1.86 

1 

1.80 

1  ■  ' 

1.80 

.: 1 

1.75 

1.00 

.a. 

.80 
.75 
.70 
.60 
.60 
.60 
.60 
.00 

.30  1        .20 
.30  ;        .20 
.30  1        .15 
.:«!       .15 
.25          .15 
.25  1        .30 
.25  1        .20 
.25          .20 
.25          .20 
.25  1 

1.75 

1.75 

1.70 

1.70 

1.66 

1.05 

1.00 

1.55 

1.45 

1.40 

1               1 

:r  river  (east  fork)  at  ross  ranch,  near  yerington,  nev. 

station  was  established  October  G,  1902,  by  E.  C.  Murphy.  It 
ied  about  10  miles  southeast  of  Yerington,  Nev.,  at  Ross  ranch, 
ge  is  a  4  by  4  vertical  timber  graduated  to  feet  and  tenths.  It  is 
lily  by  I.  A.  Strosnider,  the  ranch  owner,  who  lives  about  200 
iway.  Measurements  are  made  from  a  cable.  The  channel  is 
it  both  above  and  below  the  station.  The  banks  are  low  and 
A)  overflow  at  high  water.  The  bed  of  the  stream  is  sand  and 
id  is  liable  to  shift.  The  bench  mark  is  three  nails  driven  in 
imp  of  a  tree  G  inches  in  diameter  and  15  feet  east  of  the  gagQ. 
vation  is  5.85  feet  above  the  zero  of  the  gage. 
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STREAM    MEASIJREMKNTH    IN    liK*2>   PART    IV. 


riKk^& 


The  following  discharge*  measuremetit.  was  made  in  llH)i'  Uy  E*  C. 
Marphy: 

■        October  th  G«ge  hoight,  U2Q  f{$et;  liisrharge,  55  second-feet. 
DaiiU  yt^gi'  fit^ight,  in  fe^t^  of  Walker  Iiii*t:r  {Eattt  Fork)  at  Hohm  ra»rh,  rtfflr 
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WALKER    RIVER  (WEST   PORK)  AT   UPPER   END  OP  ANTELOPE  VALLKYi 
K  NEAB  COLEVILLE.  CAI4. 

This  stati(3n  was  established  October  5, 1902,  by  E.  G.  Mtirphy.  It 
is  lofjHted  about  4  miles  soulli west  of  Coleville,  CaL  The  gage  is » 
plain  staff  graduated  t^  feetaod  tenths.  It  in  lociited  about  one-balf 
mile  upstream  from  the  cable  from  whidi  the  measurements  aro  made. 
The  ohsorver  is  John  Trumble.  The  cl urn  11  el  is  straight  both  iib<>ve 
and  below  the  station.  Both  banks  are  high.  The  bed  of  the  stream 
is  stony  and  permanent.  The  bench  mark  is  a  spike  driven  into  the 
tree  to  which  the  gage  is  fastened.  Its  elevation  is  6  feet  above  the 
zero  of  the  gage. 

During  1902  the  following  discharge  measurements  were  made  by 
L.  H.  Taylor  and  D.  W.  Hays: 

July  25:  Discharge,  331  second-feet. 
September  23:  Discharge,  32  second-feet. 
October  4:  Discharge,  70  second-feet. 

Daily  gage  height,  in  feety  of  Walker  River  {West  Fork)  near  Coleville,  Od 
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CARSON  RIVER  NEAR  EMPIRE,  NEV. 

)ctober  21, 1900,  a  gaging  station  was  established  about  2  miles 
the  town  of  Empire.  The  old  gage,  a  temporary  one,  was  ver- 
Iriven  into  the  stream  bed,  and  spiked  to  a  timber  set  firmly  in 
t  bank.  The  bench  mark  was  on  a  stone  wall  10  feet  from  the 
nd  at  an  elevation  of  7.5  feet  above  gage  datum.  The  channel 
ight,  the  banks  are  rather  high  at  the  old  station,  and  the  bed  is 
sed  of  cobbles  and  gravel  and  is  not  likely  to  shift.  On  Feb- 
18,  1901,  erosion  of  a  bar  in  the  channel  above  the  gage  caused 
ion  of  the  stream  bed  into  two  channels.  On  March  13, 1901,  a 
nent  gage  was  placed  farther  downstream  where  the  banks  are 
itable.  The  gage  consists  of  a  wooden  rod  driven  vertically  into 
•eam  bed  and  spiked  to  a  cottonwood  tree  on  the  left  bank.  I'he 
mark  is  on  the  top  of  a  large  bowlder  10  feet  north  of  the  gage, 
ivation  being  8.38  feet  above  the  datum  of  the  gage. 

Discharge  measurements  of  Carson  River  near  Empire^  N(w. 


Date. 


1902. 


t30. 


Hydrogrrapher. 


C.  V.  Taylor... 

D.  ViT.  Hays... 

C.  V.  Taylor  . . . 

D.  W,  Hays . . . . 
do 

L.  L.  Richards . 


Gage 
height. 

Feet. 

3.10 

2.80 

3.70 

2.15 

.35 

.45 

DiHcharge. 

Second-feet. 

925 

755 

1,391 

413 

23 

32 


Hating  table  for  Carson  River  near  Empire^  Nev.,for  1902. 


Gaffe 
height. 


Feet. 
0.1 
.2 
.3 
.4 
.5 
.6 
.7 
.8 
.9 
1.0 


Discharge. 

Gasre 
height. 

Second-feet. 

Feet. 

10 

1.1 

15 

1.2 

20 

1.3 

25 

1.4 

32 

1.5 

41 

1.6 

52 

1.7 

65 

1.8 

80 

1.9 

97 

2.0 

Discharge. 

Gage 
height. 

Second-feet. 

Feet. 

116 

2.1 

137 

2.2 

160 

2.3 

185 

2.4 

212 

2.5 

241 

2.6 

272 

!       2.7 

305 

2.8 

340 

1       2.9 

377 

3.0 

Discharge. 

Gaffe 
height. 

Second-feet. 

Feet. 

416 

3.1 

457 

3.2 

500 

3.3 

545 

3.4 

592 

3.5 

642 

3.6 

695 

3.7 

751 

3.8 

810 

3.9 

872 

4.0 

DischarfC 


Second-f^ 
938 
1,006 
1,082 
1,160 
1,242 
1,328 

i,4ie 

1,51S 
1,61C 
1,71^ 


□.L] 
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Estimated  monthly  discharge  of  Carson  River  near  Empire,  Nev, 
[Draixiage  area,  088  square  miles.] 


Discharge  in  seoond-feet. 

Totelin  acre- 
feet. 

Run-4 

Second-feet 
per^uare 

0.228 
.282 
.416 
.626 
1.054 
1.014 
.172 
.019 
.015 
.  055 
.  162 
.216 

>ff. 

Month. 

Minimum 

Mean. 

Depth  in 
inches. 

1902. 
iry 

272 

592 

751 

1,082 

1,712 

1,512 

500 

25 

20 

212 

241 

241 

187  1 
241  1 
305 
340  1 
545 
500  ' 
'"  20  ' 

10 

10 

15 

97' 
185  ! 

225 
279 

411 

618 

1,041 

1,002 

170 

19 

15 

54 

160 

213 

13,835 

15,495 

25,271 

:?6. 774 

64.009 

59, 623 

10, 453 

1.168 

893 

3. 320 

9,521 

13.097 

0.26 

lary 

h _ 

.29 

.48 

.70 

1.22 

1.13 

.20 

Bt 

.02 

mber 

)er  . . .   

mber 

nber  .  _ .  

.02 
.06 
.18 
.25 

The  year 

1,712 

10, 

351 

253,459 

.355 

4.81 

JON  RIVBR  (east  FOUK)  AT  RODENBAH'S  RANCH,  NEAR  GARDNER- 

VILLE,  NEV. 

le  gaging  station  was  established  by  L.  II.  Taylor  on  October  17, 
,  at  the  place  where  measurements  were  made  in  the  years  1890, 
,  and  1892.  The  old  gage  was  an  inclined  timber  securely  fast- 
to  posts  set  in  the  right  bank  of  the  stream.  The  old  bench 
I  was  on  a  basalt  rock  in  the  edge  of  the  stream,  20  feet  from  the 
and  at  an  elevation  of  6.3  feet  above  gage  datum.  The  channel 
le  old  station  is  straight  and  the  banks  are  high.  The  stream 
is  of  cobbles  and  gravel,  and  is  quite  stable. 

I  August  2,  1001,  a  loose-rock  dam  was  raised  a  short  distance 
w  the  gaging  station,  which  affected  the  velocity  at  the  latter 
b.  The  dam  was  partly  washed  out  by  a  freshet  on  December  4, 
A  new  gage  was  established  on  March  10, 1001,  a  short  distance 
istream  from  the  original  one,  which  h<ad  Ikhmi  destroyed.  It 
ists  of  a  vertical  timber  driven  into  the  stream  bed  at  the  right 
:  and  spiked  to  a  cotton  wood  tree.  A  bench  mark  was  also  estab- 
d  on  a  large  granite  bowlder  20  feet  south  of  the  gage  under  the 
)  from  which  tlie  measurements  are  made.  Its  elevaticm  is  8.10 
above  the  datum  of  the  gage.  On  October  iJ,  1902,  a  new  inclined 
was  installed  by  E.  C.  Murphy  ^t  a  point  on  the  left  bank  of  the 
600  feet  above  the  cable.     This  gage  has  not  \>^e\i  t^«A^  «k&  \X\fe 
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oa©  placrcd  on  Mar<jh  10,  lHOlj  it*  stili  in  use.     The  trench  mark  isi 
a  rook  2  feet  cast  of  the  gig«^     It  is  IK  945  feet  above  ga^  dattim^ 


m^harg^mtamrm 

nm^ 

»/ 

C 

Vf^  f 

\>rk) 

»**V|t* 

Gar* 

inert 

H'lle, , 

^., 

mm.                 ' 
Si* 

^^i 

Q&«« 

DlKbarfv.    | 

^                      IMS. 

April  31..-.. ...-*,... 

May  IS                          *-     * 

D,  W.  Ha] 
C.  V,  Tmfk 

'  XH 

4.60 

S,70 
S.50 

Bt€&m 

<Mi^a 

or  - 4..^««.,-.., 

sal 

July  a        ,.,,„, 

m. ,*,«, 

fll 

Jul V  io                           ^  .  ^,^ 

do 

11M 

JntytO 

,„,,d«„_ — .— — -^ 

|2 

August  5.... 

L>L.  BkhMfds 
KC*  Murphy - 

•J 

OfvfnhfirS 

la 

i/i»ft,  of  OaraM  JNiN$r  (Bad  JfMt)  iMsr  Oar 

\Hiy. 

Dec 

ltaay0a0»A«4^t,J« 

tinf*^ 

Dn> 

J  11.11. 

I\'b, 

aio 

Apr^ 

ltai^«. 

IttlT- 

Aiiif. 

Sspt !  Oct. 

Hot. 

m 

alio 
a,  8) 

«.1Q 

a« 
aw 

t.4n 

4.ao 

t.MO 

4,  nil 
:i,wi 
am 
am 

4,00 

am 

HLflO 
a  40 

n.m 

•Am 
a  4^1 
am 
aTti 
a  (15 
a  75 
am 

aa  an 
aao  2.65 

a  10    R,  15 
a  10  i  a  10 
aoTi    a  05 
am  ,  s.oi 
a  10   a  10 

2.M 

a«» 

am 

a  a* 
am 
».w 
2.m 
a% 
4.m 
a  75 
aTD 
a  Jilt 
am 
a45 
a  40 
^^ 

a  40 
a  35 
am 
am 
a  40 
a:« 
a  40 
a  40 
a  25 
a  35 
a  85 
a  40 

IK 
£.31 

tn 

3,3) 

11 
1» 

1L.„- ...„.„,-... 

3            , _  ... 

B.10   a  30 

S 

:i>  iri  i  a  ai 

4.01^    5  m 

5.50 
ft.  70 

S 

a 41)    :i.2n    w.w  \  iJ^t    r,.m 

<vrt»  1  am 

5.30  '  aim 
r^aj   am 

>.,.,..- .<«. 

10L                                        ♦    .^** 

a+d   ;iio   4,  TO   fl.Bo 
3,m'  :i.  KJ  1  *.4<J  1  (i  Nl 

a,uu  1  )i.m  [  4.40  '  rj,40 

B,%     :4  10     4  Itt  '  C,.Id\ 

aiJD 
aio 
a  06 
am 

a  IS 
aifi 

a<i* 
a  10 
am 
aiKj 
a  10 

am 

2.m 
am 

2.m 
2.95 
am 
a  20 
a  05 
a  05 
2.95 
2.m 
2.m 

2.85 

2.m 
am 
2.95 

11 .,.......,...* 

aiHi 

10                         1,  ^^  . 

fi.^j  1  am   atio 
r»,4o   am   a*is 
5.50  a7r>  a  713 
■*.f)o   am   a 70 

4. no  1  XVti    3.TS 
4.70    ;t.  Ni    a.«> 

I4w                       «    «. 

11  m 

aai 
a!»i 

H  111 

3. 50 
3.50 
3.50 

a  4(1   i.^nri.rio 

El,5t)     4.tM)  !  5.40 

IS          _  «.»..,... 

a*» 
ai»» 

3  iy) 

IT , - 

18 

:i.flrt    4J¥> 
3.  (HI    4.yo 
3.  fiO  ;  4. 70 
a«0     4.70 
a  70     4.50 
a  70     4.30 
a  70     4.50 
3  00  '  ^  30 

.V4.. 

r,.  Til* 

4.VH) 
5.00 
5.20 
5.20 
5.30 
5.00 
5.30 
5. 50 
5.40 
5.30 
6.00 
5.50 
5.40 
5.20 

19 

3  40 

4.80    am    a70  '  2.90 
4.. 50   am   a 70   2.90 

2.85 

20 

3.50 

2.80 

21 

22 

23 

3.40 
3.50 
3.50 

3.40 
3.40 
3.30 
3.30 
3.30 
3.30 
3.20 
a  10 

4.60  1  3.70  j  3.m  ; 
4.70  1  3.70     3.m 
4.30  i  3.80  1  3.05 

2.85 

2.m 
2.m 
2.75 
2.m 

2.85 

2.m 
a  05 
a  00 
am 

2.7s 

2.e6 

24 

3  40 

4.20 
4.20 
4.10 
4.00 
4.00 
a  90 

am 

3.70  1  3  ft5  1 

2^ 

25 

28 

:::::::;:;;;:::::::;:;;::: 

29 

80 

81                 

3.10 
2.90 
3.00 
3.10 
3.20 
3.20 
8.20 

a  50 
a  50 
a  00 
a  00 
a  70 
aao 
a  80 

4.60 
4.50 
4.50 
4.30 
4.40 
4.30 
• 

a  00 
a  70 
am 
a.w 
a  70 
am 
am 

a.-io 
a  50 
a  45 
a  50 
a45  1 
a  45 

3.40 

2.^ 
2.^ 
2.^ 

2.8^ 
2.4i^ 

INTEBIOB   BASIN. 
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Ming  table  for  Carson  River  (East  Fdrk)  near  Oardnerville,  Nev.,for  1902. 


Ttet. 
2.5 
2.8 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 


Diacharge. 


Second-feet. 
30 
34 
38 
42 
46 
51 
57 
65 
74 


hS^S.    I>i«b»rge. 


3.4 
3.5 
3.6 
3.7 

3.8 
3.9 
4.0 
4.1 
4.2 


Second-feet. 
85 
98 
115 
140 
180 
233 
297 
368 
441 


Gaffe 
height. 


Feet. 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5.1 


Discharge. 

Sexiond'feet. 
519 
598 
675 
750 
825 
900 
975 
1,050 
1,125 


Oage 
,  height. 

Discharge. 

'     Feet. 

Second-feet. 

j       5.2 

1,200 

1       5.3 

1,275 

'      5.4 

l,a50 

;      5.5 

1,425 

5.6 

1,500 

1       5- 

1,575 

1      5.8 

1,650 

!      5.9 

1,725 

;    6.0 

1,800 

li 

Ettimated  monthly  discharge  qf  Carson  River  (East  Fork)  at  Rodenbah  ranch^ 
near  Oardnerville,  Nev, 

[Drainage  area,  881  square  miles.] 


Month. 


1902. 

Umaiy 

efaroary 

arch 

pril 

me 

ay ,.- 

Qgngt 

(ptember 

ctober 

ovember ...... 

eoember . 

The  year 


Discharge  in  second-feet. 


Maxinram. 


Minimiun. 


115 

140 

180 

975 

1,800 

1,800  I 

297 

265 

80 

65 

297 

85 


46 
57 
57 

180 


Mean. 


Total  in 
acre-feet. 


81  I 
78  I 

101 

601 


1,800 


m 

1,205 

80 

955 

98 

178 

70 

131 

40 

54 

44 

51 

46 

86 

28 

r>4 

28 


298 


4,980 

4,332 

6,210 

35,762 

74,093 

56,826 

10, 945 

8,055 

3,218 

8,136 

5,117 

3, 320 


Run-off. 


Second-feet 

per  square 

mile. 


Depth,  in 
inches. 


215,989 


r 


0.213 
.205  ! 
.265 
1.577 
3. 163 
2.507 
.467 
.344 
.142 
.  134  I 
.226  I 
.143  , 

.782  ' 


0.25 

.21 

.31 

1.76 

3.64 

2.80 

.54 

.40 

.16 

.15 

.25 

.16 


10.63 


CARSON   RIVER    (WEST  FORK)    AT   WOODFORDS,  CA\j. 

The  gaging  station,  established  by  L.  II.  Taylor  on  October  18, 1900, 
about  three-fourths  of  a  mile  above  the  post-office  at  Woodfords. 
lie  gage  is  a  vertical  timber  graduated  to  feet  and  tenths.     It  is  read 
iUy  hyBernice  Merrill,  Woodfords,  Cal.     The  ctauneiV  a\)\\v^  ^\,aWc>\x 
JBB  85—03 8 
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i^ml 


is  straight,  the  banks  are  hi^h  atid  rockj',  and  tho  bed  m  of  nx^k  and  j 
^avel  and  not  likely  to  shift.  Measurenif^iits  are  miftde  from  a  cuf  < 
suspended  on  a  steel  cabl<3  across  the  stream. 

DUctmrge  meamrefttenU  of  Carmn  Rimr  ( West  Fork)  at  Wfiodfords,  Cotl 


1                    Uf^rtigmphtsr,                      I^H^ 

"1 

April  SS.-,.-^.- —..-, 

May  la .**,,.-.«.,.. 

Jnlya _-....,.,.-._.. 

JnlySil                          . . 

D.W.Havs  .. 

a  V.Taylor-. ..,_*. 

a.  65 
1,70 

a.  41) 

m 

m 

D.W.Hayft        .     .        .....  .. 

do .„.--._-e.-...-- 

C,  V.Taylor., ,.-.,      ,, 

L.  L.  Richards . , , , , ^_ . ,  -.^ 

Daily  gaip*  fwi^ht,  in  feti^  of  Carstm  River  {West  Fork)  tit  WoodfordM,  CttL 


I5»3r- 


B.. 
I„ 
ft.. 

«,. 

T-. 

10- 

J«.. 
IS- 

u., 

l«„ 

17.. 
1»- 

a-. 


leoe. 


Jan  J  TebJM&r. 


m.. 


a.  60 
£,eo 

£.00 

a  TO 
».w 

s.«rj 
».» 

2,90 

i^.w 

S,90 
100 
S.OQ 

a,  10 

a  ST) 
a  30 

aio 
asr> 
aw 
aao 


aTw 

aw 
^m 
aw* 

4.00 

aso 

!!.90 

awt 
a  HO 

H,WO 

a^ 
a»ii 
aio 

n.m 
aw 
a^i 
ami 
'Am 
4  til 

4.»J 

4  an 


4.00 
4.0> 

a  (HI 
n^m 
aflo 
afio 
ami 
a.w 
tLm 
II  m 
a  40 
aw 
aiM 
a  40 
aw 
a  so 
afo 
±m 

B.70 

2.m 

a  (Ml 
a,  m 
am 
aw 
2.m 
a  (10 

£.80 


Apr.  Mky 


a  10 

a  30 
a  44) 
a4t) 
a  nil 
a  to 
a  Ml 
a  90 
ai<i 
a^o 
a  00 
avtt 

aw 
a  80 
ai!0 
a  no 
a  fi<» 
a  10 
li  »i 
H  :«i 
a.  Ill 

H  4i) 

aw 

a,  ft) 

H.m 

I  a  30 

!  afio 


June  July  \Axng.  Sept.!  0<st  'iro¥. 
I  I  1 ,1 


a  00 


a«o 

aw 
aiK» 

a  70 
aTi» 
aTO 
am 

am 
aTo 

I  am 

4.00 

4.00 

I  4.00 

I  4.£0 

i  ^-^ 
a»o 
a«o 
aw 
a^i 
i.2n 

4.44) 
4.rso 
4.  no 

4.  HO  I 
4.  MO  I 
4,Ntl  I 

4.ni  I 

..™| 

4.TO[ 


4.fii>| 
4.40  ' 

4.40  I 

4.4(» 

4.«) 

4.W 

4.60 

4.40  ! 

4.40  I 

4,40 

4.40 

4.00 

4,20  ! 

4,10 

4.10 

4.10 

4.10 

4.10 

4.30 

4.20 

4.30 

4.30 

4,10 

4.10 

LgO 

4.aci 


4.«0 

aw 
aai 

aw 
am 
am 
am 
aw 
a  40 
a  40 
a  40 
aso 
aw 
am 
am 
am 

2.W 

a  90 
aao 

£.90 

3.  (*> 
tm 
aw 
aw 

a;ii 

170 

am 
am 
am 
am 


%m 

a40 
a  40 
a  41* 
a  40 
a  40 
a  40 
a40 
am 
a  40 
a  30 
aso 
a  80 

£.40 

aw 
aw 
aai 
am 
:f.;i) 
am 
am 
a  a) 
a4ii 

£,50 

a  40 
aw 
^.m 
aw 
aw 
aw 


aw 

aw 
aw 
aw 
aw 
aw 
aw 
aw 
aw 
aw 
aw 
aw 
am 
am 
am 
am 
am 
aw 
aw 
aw 
g  w 
aw 
aw 
aw 
am 
am 
aw 
a£o 
aw 
am 


am 
am 
aw 
aw 
aw 


£40 

am 

t.m 
a  10 

aw 


m 

t0 


aw 
am 
am 
am 
am 
aw 
am 
am 


aio 
a9i» 

t.m 
am 
aflo 
aw 
aid 
a  40 


aw  I  a4o 
awl  aiu 
am  I  a40 
aw  am 
am  am 
am  am 
am   zm 


a  40 
am 
aw 
aw 
a40 
a  40 

.^iO 


am 
aw 
aw 
aw 
aw 
aw 


I  aw  '  aw  ^ 

^  aw  '  a 40 

aw  I  aw 

i  aw   a4o 


£10 

110 
tli 

ii» 
If* 
%w 

in 
ifl) 
tm 
tm 
tm 
tm 

t7i 

t^ 
tm 
%» 

tm 

iio  I 
i«)  ' 

10D 

i«9 
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iting  table  far  Carson  River  ( West  Fork)  at  Woodfords,  Cat.,  for  1902, 


^^    DMchiirge. 

Oase 
heiglit. 

Discharge. 

' 

»«.     \  Second-feet. 

Feet. 

Second-feet. 

Feet. 

A 

2 

2.4 

42 

3.4 

.6 

6 

2.6 

57 

3.6 

.8 

12 

2.8 

75 

8.8 

J.O                20 

8.0 

96 

4.0 

1.2                30 

3.2 

120 

4.2 

Discharge. 

1  hei^t. 

1 

Discharge. 

Second-feet. 

Feet. 

Seoond-feet, 

147 

4.4 

342 

178 

4.6 

893 

218 

4.8 

448 

252 

5.0 

508 

295 

\ated  monthly  discharge  of  Carson  River  ( West  Fork)  at  WoodfordSy  Cal, 
[Drainage  area,  70  square  milefl.] 


Month. 


1902. 

^ 

lary  ... 
1 


Discharge  in  second-feet. 


MRxiynnm. 


8t  ... 

mber 
cr... 
nber. 
Qber. 


The  vear . 


195 

318 

393 

232 

448 

393 

295 

57 

36 

42 

57 

75 


448 


Minimum. 


57 
108 
178 
252 

57 

36 

30 

30  I 

36  I 

49 


Mean. 


107 

238 

138 

175 

287 

319 

121 

40 

32 

34 

46 

58 


30 


133 


Total  in 
acre-feet. 


6,579 

13,218 

8,485 

10,413 

17,647 

18,982 

7,440 

2,460 

1,904 

2,091 

2,737 

3,566 

95,522 


Bun-olf. 


Second-feet,  p^tjj^ 


1.53 

3.40 

1.97 

2.50 

4.10 

4.56 

1.73 

.57 

.46 

.49 

.66 

.83 


1.90 


1.76 

3.54 

2.27 

2.79 

4.78 

5.09 

1.99 

.66 

.51 

.56 

.74 

.96 


25.60 


TRUCKEE   RIVER  AT   TAHOE,  CAL. 

uckee  River,  the  natural  outlet  of  Lake  Tahoe,  leaves  the  lake  at 
;ity  of  Tahoe.  About  500  feet  from  the  lake  there  is  a  timber 
across  the  river,  which  has  been  maintained  for  more  than 
ty  years,  for  the  purpose  of  controlling  the  discharge  from  the 
June  17,  1900,  a  gage  was  placed  in  the  stream  for  the  purpose 
cording  the  height  of  the  water  in  the  river.  The  gage  is  a  ver- 
timber  driven  into  the  stream  bed  at  the  left  bank  about  300  feet 
w  the  dam,  and  is  spiked  to  the  root  of  a  tree  growing  on  the 
:.  The  bench  mark  is  cut  in  the  side  of  the  tree  and  is  4  feet 
0  gage  datum.      The   measurements   are  made   iroin  «b  c«\^<^ 
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and  sQspendeci  ear  about  one-fourth  mile  below  the  ga^^^  which  wa 
placed  as  near  the  eity  of  Tahoe  as  pos^iblfi  for  the  convenien*^  < 
the  observer.     At  the  point  of  measureinent  the  right  bank  is  lowan^^ 
IS  subject  to  overflow  at  verj"  iiigh  Mtage«  of  the  stream.     The  left  Imnk  | 
is  rather  high.    The  chaniie!  is  nearly  straight  for  a  short  dist,*)ii(ie 
below  the  station,  and  the  bed  of  the  rivt?r,  which  is  of  gravel  and 
ooarae  sand,  is  smooth  and  stable.     The  piirp(>sf3  of  the  5tatioi}  ista 
ai&certain  the  actual  overflow  from  Lake  Tahoe  with  a  view  to  d^ter- 
mining  its  real  value  as  a  storage  reHcrvoir. 
The  following  measurement  was  luade  in  11)013  by  K.  CX  Murpliy: 

October  22t  Gmge  height,  1,67  t&&t\  diHchar|<e,  S^^O  mK^ond-feeL 
DaUff  gage  height^  in  feet,  of  Tniekt*r  Mimr  at  Takm^  Oai, 
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Sl-„.-- 

4 

i. 

f - 

i. 


la... 

14.,. 


Jtm. 


.m 
,m 

.so 

.00 
\M 
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l^t. 

Dinchar^. 

h^^t. 

Discharge. 

&i. 

Diflcharfre. 
Second-feet: 

h^fiSt. 
Feet. 

Dlflchargre. 

Feet. 

8ee€nd-feet. 

FW?t. 

Second-feet. 

Feet. 

Second-feet. 

0.0 

25 

0.7 

85 

1.4 

225 

2.1 

445 

.1 

30 

.8 

100 

1.5 

251 

2.2 

486 

.2 

36 

.9 

117 

1.6 

279    1 

2.3 

531 

.3 

43     1 

1.0 

136 

1.7 

308 

2.4 

580 

.4 

51 

1.1. 

156 

1.8 

339 

.5 

61 

1.2 

178 

1.9 

372 

.6 

72 

1.3 

201 

2.0 

407     1 

1 

Estimated  monthly  discharge  of  Truckee  River  at  Tahoe,  CaL 
[Drainage  area,  519  square  miles.] 


Month. 


1902. 

anuary 

ebrnary . 

Arch 

pril 

ay --- 

me 

Jy '- 

ignst 

ptember 

tober -  - 

rvember 

cember 

The  year 


Discharge  in  second-feet. 


Maximum. 


146 
126 
100 
51 
117 
100 
372 
44^ 
407 
339 
407 
407 


445 


Minimum. 


100 
25 
43 

47 
47 
40 
100 
372 
324 
308 
308 
293 


Mean. 


125 

73 

52 

48 

97 

95 

204 

406 

350 

324 

346 

326 


Total  in  acre- 
feet. 


25 


204 


7,686 

4,054 

3,197 

2,856 

5,964 

5,653 

12,543 

24,964 

20,826 

19,922 

20,588 

20,045 


148, 298 


Ran-o£F. 


Second-feet 

per  souare 

mile. 


0.24 
.14 
.10 
.10 
.19 
.18 
.39 
.78 
.67 
.62 
.67 
.63 


Depth  in 
inches. 


0.28 
.15 
.12 
.11 
.22 
.20 
.45 
.90 
.75 
.71 
.75 
.73 


5.37 


TRUCKEE  RIVER  AT    VISTA,  NEV. 

The  station  at  Vista,  Nev.,  was  established  August  18,  1899,  by 
H.  Taylor,  and  is  located  7  miles  east  of  Reno.  On  November  12, 
02,  a  new  gage  was  installed  by  E.  C.  Murphy.  It  consists  of  a  ver- 
tal  4  by  4  inch  timber  spiked  to  a  willow  tree.  It  is  on  the  left  bank 
the  river,  150  feet  above  the  new  railroad  bridge.  The  zeros  of  the 
1  and  new  gages  coincide.  The  bench  mark  conaifttA  ot  t^o  «^\kft«» 
'ven  Into  the  root  of  the  wiJIow  tree  to  which  the  %^^  Vh  «AX»idtife^. 
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The  f^levation  of  the  bench  mark  is  6.9^  feet  abo^^i  the  aerci  of  ^ 
gage.  Tho  cable  was  moved  to  a  point  about  a  quarter  of  a  mil©  lie 
the  olU  statiou.  The  left  bank  is  low  and  subject  t-o  overflow  at  ex^T 
high  water.     The  Ix^d  is  rf>eky  and  not  BtibjtKjt  to  cihangfj. 

The  following  discharge  measurement*!  were  made  during  1^^ 
C.  V.  Taylor: 

April  9i  Gag«^  heijfht.  5.04  feet;  disoharffe,  ItCTSaecood-feet, 
M^y  1*;  O&ge  height.  5.70  feet;  discharge,  3,S1&  second -feet, 

Daitp  gage  heighi,  infeei^  of  Trtickee  Eiiwr  at  VtMta^  Nev* 
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1^ 
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1»5 
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Apr. 


1.00 

4.00 
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4.ef» 
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fi.OU 
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5.40 
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6.r3 
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leO  16.77 

».»5     &.7iJ 
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18fi 
IHO 
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1«0 
1!MJ 

Ido 
a.  Oil 

8.40  ! 
ITTI  I 
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4.  Ml 
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4,ao 

4.or> 

4.00 

i,m 

4.00 

4.ao 

4.50 
4,70 
4, Ml 
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4.41 
4.40 
4.40 
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180 
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170 
IflO 
170 
3.40 
140 
140 
».40 
140 
130 
ISO 
5J.  m 
2M\ 


July. 
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1T^^ 
i«o 

£.00 
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lOfl 
^  tK) 
IK) 

1JV» 

ISO 
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¥,  Hi 
ia> 
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2.  :40 
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130 

leo 
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L'.TO 
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100 

2.m 
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140 
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tao 

110 
110 
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130 
140 

i.m 
t.m 

150 
100 
150 

lot) 

100 
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100 
100 
150 
S.fiO 
100 
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iw 


Sept. 


1^ 

IPO 
1011 

I  110 

I  ±m 
\  ino 

110 
180 

ISO 
170 
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ISO 
170 
ISO 
170 


170 
100 

leo 

1711 
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a.  70 
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170 
170 
170 
170 
170 
170 
100 


Oct. 
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..„ 

IHO 

.... 
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„.. 
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leo 

^... 

100 
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.... 
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.... 

140 
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„.. 

lao 

.... 

<■) 

«No  record  July  16  to  26  and  November  80  to  December  31. 
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f/*t. 

Discharge. 

Gage 
height. 

Discharge. 

Gage 
height. 

Discharge. 

Gaffe 
height. 

Discharge. 

^eee 

Seocmd-fe*t. 

1 

Feet. 

Second-feet. 

Feet. 

Second-feet.  \ 

Feet. 

Second-feet. 

S-0 

110 

3.4 

778 

4.8 

1,601      ' 

6.2 

2,780 

2.  5 

185 

3.6 

882 

5.0 

1,733     ' 

6.4 

3,079 

;'      ^«  4   ;          274 

3.8 

995 

5.2 

1,871 

6.6 

3,438 

'      ^-  ^             370 

4.0 

1,110 

5.4 

2,015 

*6.8 

3,857 

^.8 

467 

4.2 

1,227 

5.6 

2,168 

7.0 

4,336 

^^0 

566 

4.4 

1,348 

1      5.8 

2,338 

^.2 

668 

4.6 

1 

1,473 

1      6.0 

2,537 

Estimated  monthly  discharge  of  Truckee  River  at  Vista,  Nev. 
[Drainage  area,  1,519  square  miles.] 


Month. 


J&^i 


1902. 


^Hary  . 


Maitjh 

April ._ 

^y 

June -  - - 

July - 

August 

September 

October 

November  1  to  J 


Discharge  in  second-feet. 


Maximum. ,  Minimum. 


467 

1,110 

938 

4,336 

2,250 

1,666 

418 

467 

617 

617 

1,110 


370 
467 
1,110 
995 
370 
185 
146 
370  I 
370  I 
566  I 


feet. 



Mean. 

Total  in 
acre-feet. 

389 

23,919 

598 

33,211 

589 

36,216 

1,922 

114,367 

1,610 

98,995 

1,056 

62,836 

292 

17,954 

311 

19, 123 

443 

26,360 

485 

29,821 

782 

44,981 

Run-off. 


Second-feet 

per  square 

mile. 

Depth  in 
inches. 

0.256 

0.30 

.393 

.41 

.388 

.45 

1.265 

1.42 

1.060 

1.22 

.695 

.78 

.192 

.22 

.205 

.24 

.292 

.33 

.319 

.87 

.515 

.56 

TRUCKEE  RIVER  AT  NEVADA-CALIFORNIA   STATE   LINE,  NEAR  MYSTIC, 

CAL. 

The  gaging  station  on  this  river  was  established  by  L.  II.  Taylor 
September  7, 1S99,  at  the  State  line,  17  miles  west  of  Reno,  Nev.  The 
old  gage  was  vertical,  driven  into  the  bed  of  the  river,  and  wired 
to  a  granite  bowlder.  A  new  ga^e  was  esta])lished  by  E.  C.  Murphy 
November  11,  1902.  It  is  a  4  by  4  inch  timber  in  two  parts  and  is 
located  on  the  right  bank  400  feet  below  the  old  gage.  The  lower 
section  of  the  gage  is  inclined ;  the  upper  part  is  vertical.  The  zeros 
of  the  old  and  new  gages  coincide.  The  bench  mark  consists  of  two 
spikes  driven  into  the  root  of  the  cottonwood  tree  to  which  the  ver- 


Feet. 

Second-feet. 



Feet. 

Secmul/eet. 

.... 

Second-feet. 

1.4 

268     ! 

2.6 

795 

3.8 

1,683 

1.6 

319 

2.8 

924 

4.0 

1,870 

1.8 

383 

3.0 

1,055 

4.2 

2,069 

2.0 

463 

3.2 

1,194 

4.4 

2,280     ' 

Z^    J 

3,4 

1,345 

1    " 

2,ri0r) 

"/ 

3.6 

i 

1,508 

\    "iri^h 

Feet. 
5.0 
5.2 
5.4 
5.6 


Second-fe^ " 


3,0012 
3,283 
3,59^ 
3,95^ 
4,370 


\\ 
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idimated  monthiy  discharge  of  Truckee  River  at  Nevada-California  State  line 

near  Mystic,  CaL 

[Dmhukge  area,  9&5  tiquare  miles.] 


Montb. 


1902. 

January 

Febrnary  ... 

March 

April 

May 

June 

Jnly 

Angnst 

September  .. 

October 

Korember  . . 
I>ecember.-. 


The  year. 


Discharge  in  neoond-feet. 


Run-off. 


Maximum. 


421 

1,194 

671 

3,596 

2,746 

1,968 

1,055 

559 

559 

559 

732 

671 


8,596 


Minimum. 


268 
268 
292 
509 
1,194 
732 
849 
883 
421 
383 
292 
383 


268 


Mean. 


Total  in  acre- 
feet.         Second-feet 
I  i)er  SQuare 
mile. 


506  j 

402  ; 

1,656  1 

1,927  I 

1,358  j 

501  j 

506  I 

482  I 

450  I 

416  ' 

482 

751 


19,799 
28,102 
24,718 
98, 539 
118,487 
80,807 
30, 805 
31,113 
28,681 
27,669  I 
24,754 
29,637 


Depth  in 
inc^hee. 


543,111 


0.337 
.530 
.421 
1.734 
2.018 
1.422  I 
.525  I 
.530  : 
.505  j 
.471  I 
.436  I 
.505  j 

.786  ! 


0.39 

.55 

.49 

1.93 

2.38 

1.59 

.61 

.61 

.56 

.54 

.49 

.58 

10.67 


'^^BPENDENCE  CREEK  BELOW  INDEPENDENCE  LAKE,  NEAR  OVERTON, 

CAL. 

This  station  was  established  October  24, 1902,  by  E.  C.  Mui-phy.  It 
^  located  about  one-eighth  of  a  mile  below  the  dam  at  the  end  of 
'^^dependence  Lake,  California.  The  ^age  is  a  vertical  staff  gradu- 
ated to  feet  and  tenths  and  is  located  about  200  feet  upstream  from 
•lie  cable  and  car  from  which  the  measurements  are  made.  The  gage 
^  read  twice  daily  by  James  McNutt.  The  channel  is  straight  both 
tlx)ve  and  below  the  station.  The  banks  are  low,  but  not  subject  to 
Overflow.  The  bed  of  the  stream  is  permanent,  Ixniig  composed  of 
gravel  and  clay.  The  bench  mark  is  three  nails  driven  in  the  root 
Df  a  pine  tree  55  feet  northwest  of  the  gage.  Its  elevation  is  5.82  feet 
above  the  zero  of  the  gage. 


STBEAIf  MEASUBZMFITTS  TIT  1(>02,  FABT  IV, 


The  following  discharge  measurement  waa  ftiado  by  K*  CI  Marphy 
ill  VJ02: 

f>t<jber*34;  Ga*re  hei^yht.  L*^3  f«?et;  disfhwrgt*,  0*27  *»(H3on<l-f (lot 

Iktitfi  gage  height,  in /erf,  of  IntieiM'^idciu**'  Vr^k  beiom  Iml^miidejt^  Lsukt*  m 


D*iy, 

Del 

Xi>r. 

DfB. 

Dn 

Oni. 

Hifr. 

im. 

thj. 

Oct 

Pte 

mm. 

hm  e.so 

LS^  .  IS, (II 
Lisa .  L<X& 
Lsai  1.00 

LIH     LttO 

Leai  Lao 
Lsn  1  hm 

L18  jLflO 

Lea  '  LMi 

L?3 

L» 
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1  «f  1 

B8L*.** 
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L«' 
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tm 

li 
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!H.,„ , 

M 

Ltt 

i.es 

LIS 
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L23 

Laa 

IB 
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14. „„ 

m . 

1A 

4 *,^„.. 

m 

f«)  1  Lao^ 
Ly»  1  Lnn| 
t.m   Lmi 

LVKt  ,  L50  , 
LUrt     LAI  . 
L«H     IM 
l.tH  ,  LfiO 
l.«0    1.4111 

IM 

«. ., 

....« 

l(l_„„,     ,.^ 

LB 

17. „, 

1% 

!»_ 

n          *  ..*  - 

1  A 

;:;.: 

19 

arj/„  „_,_„„ 

LW     L«l 

iO_„. .„ 

ai.... 

.     '    L» 

ai._.„. 

«e„.., , 

^^ 

t 


PROSJ4EH  CBEEK   NEAR  BOCA,  CAU  | 

This  citation  was  esUvbUshed  Octobtir  33,  100:%  by  E.  C.  Murphy- 
It  18  located  about  5W  fi?et  below  the  dam  of  the  Proeser  Creek  loe 
Company.  It  is  about  one-eiglith  of  a  mile  above  the  mouth  of  ili« 
creek,  at  the  fiJoMjridjiji^  between  two  ie<*  htmst^s.  The  pv^e  is  a  ver- 
tical staff  graduated  to  feet  and  tenths  and  located  about  10  feet 
below  the  bridge.  It  is  read  twice  daily  by  C.  Lindsley.  The  chan- 
nel is  straight  both  above  and  below  the  station.  The  banks  are  hig^b. 
The  bed  of  the  stream  is  permanent  and  is  composed  of  sandy  gravel 
and  stone.  The  bench  mark  is  a  spike  driven  into  the  timber  to 
which  the  gage  is  fastened.  Its  elevation  is  6.0  feet  above  the  zero 
of  the  gage. 

The  following  discharge  measurement  was  made  in  1902  l^  E.  C. 
Murphy : 

October  23:  Gage  height,  0.85  foot;  discharge,  21  second-feet. 
Daily  gage  height,  in  feet,  of  Prosser  Creek  near  Boca,  Cal. 


Day. 

Dot. 

Ifot'* 

D*. 

Day. 

0<jt. 

Nov. 

(hm 

Dae. 
n.ftn 

Day. 

Oct. 

man 

.HO 

Nor. 

.m 

.Tfi 

Ow. 

muL 

!_„,„ 

.so 

.m 

.80 

LC5 

LOO 

M 
LUfi 
LIO 

Lao 

SI ,,.„ 

24    - 

a45 

S ..-.- 

18 

.»5  1    .70 

.fi 

1, 

14 

^ 

49 

4^      *-  .      ,. 

IS 

.00 

M 
.Tft 

2D 

% 

6,.,.,........ 

16*.,-  . 

»T 

M 

(,, .,.. 

ir 

s».„ 

.as 

T.,_ 

ift 
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DONNER  CRBEK  NEAR  TRUCKEE.  CAL. 


This  station  was  established  October  23,  1902,  by  E.  C.  Murphy. 
It  is  located  about  li  miles  west  of  Truckee,  Cal.,  near  the  dam  of 
the  Donner  C'reek  Ice  Company.  The  gage  is  a  vertical  staff  gradu- 
ated to  feet  and  tenths,  located  about  50  feet  upstream  from  the  cable 
from  which  measurements  are  taken.  The  gage  is  read  twice  daily  b}' 
F.  R.  Williams.  The  channel  is  straight  both  above  and  below  the 
station.  The  banks  of  the  stream  are  high.  The  bed  of  the  stream 
is  permanent,  being  composed  of  gravel.  The  bench  mark  consists 
of  four  nails  driven  in  the  root  of  a  pine  tree  35  feet  north  of  the 
gage.    The  elevation  is  6.3  feet  above  the  zero  of  the  gage. 

The  following  discharge  measurement  was  made  in  1902  by  E.  C. 
Marphy: 

October  23:  Gage  height,  1.80  feet;  discharge,  3.2  second-feet. 
Daily  gage  height,  in  feet,  of  Doiiner  Creek  near  Truckee,  Cal. 
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SUSAN  RIVER  NEAR  SUSANVILLE,  CAL. 

The  gaging  station  is  about  three-fourths  of  a  mile  southwest  of  the 
town,  at  the  electric-light  plant.  It  was  established  June  3,  1900,  by 
L  H.  Taylor,  a  temporary  gage  being  placed  at  the  right  bank  of  the 
river.  The  station  is  designed  to  be  equipped  with  a  cable  and  sus- 
pended car  from  which  to  make  measurements  of  the  discharge.  The 
channel  is  straight  for  a  distance  above  and  below  the  station  and  the 
banks  are  high.  The  stream  bed  is  of  gravel  and  cobbles  and  is 
rather  stable.     The  observer  is  James  Branham. 

A  short  distance  above  the  station  a  small  irrigating  ditch,  known 
lis  the  Hasten  ditch,  is  taken  out  on  the  right  bank  of  the  stream. 
Near  its  head  is  a  flume  in  which  a  gage  has  been  placed  and  meas- 
urements are  made. 


184                  STBlCAlt  MBABtmBMEWTS  TN   IMS,  FART  XT.              \mM  1 

^L             Dailff  gage  heigh 

/,  m  fect^  of  Susan  Riit&r  neur  SintamHlie^  Colt 

1  ■"■ 

Ja^ 

Teh. 

Itol*. 

Apr. 

M*f. 

Jmtie. 

July. 

leo 

Ab». 

B*iit. 

CkJt. 

Due. 

l.-..-__... 

t,m 

*.4t* 

am 

am 

i,4a 

il« 

t.flO 

LIS 

l.» 

t» 

'         ^f  F"***"ttT--"-^-C'*^nr-^-^ 

t.m 

14/i 

ilTTJ 

IW 

4.40 

avi 

ifli 

LW 

LTB 

iL«ft 

am 

lii 

fl^-.,.- ™ 

Si.  40 

^m 

aro 

».rir» 

4.W 

&«& 

i«a 

Lie 

LT5 

LIU 

aio 

«0 

"^^*  I-*-!'*'  •'  «  fl  •««   •*•*-*    *--   •"'- 

1. 41) 

1» 

ittt 

3.%  1  4.  »i  1  a.  Tft 

iw* 

L« 

Lm 

L90 

IIB 

tfS 

D^.^.     ^' - -'i,^r«^ii-*t**.i!««* 

±m 

SJKV 

a,  on 

4JK  ;  4.«J 

a65 

IW 

Lflft 

Lift 

2.m 

a  15 

&» 

a _ 

'A.m 

4113 

4  4A 

4.e& 

a  aft 

a  TO 
aw 

l.Tti 
1.70 

am 
afl) 

a4» 

6*« 

4.TH  1  ».4il 

4,75  i'a4je 

aao 
aapt 

i.m 

t,:ti 

L^ 

a  ft) 

?t  fi) 

t: 

4. 

ago  1  lio 

!»-.- •-.•....^..,. 

t.0 

aso 

i» 

4.m 

iM 

140 

a» 

1.00 

LTD 

aao ,  affi 

a«& 

!!;„«......«.„«—»„ 

xm 

am 

&« 

i.m 

4,m 

lie 

a» 

i  Ml 

L70    a»  1  f  41) 

s.aa 

(    11— "— ««i-F-rt-r-— ^- 

%m 

a.fio 

3.40 

i.m 

4.«5 

lao 

aao 

hm 

L7W     LBfi    ail) 

aw 

«, ^.-..,„, 

£.10 

140 

£.40 
14U 

101 
a  JO 

4  JO 

i»i 

4.40 

4.in 

4A(t 

«,T5 

4,7^     4JMI 

*.eo   4.aft 

5.(14     4.4N 
5,10     4.40 

14^ 

iftfi 

10» 

:i40 
ana 

asio 
a«n 
as 

ISO 

t,MO 

I.m 

LIO 
LTii 

Lm 

MS 
LTS 
1  TO 

Lw   a« 
hm   a  so 
Lftfi  !  ast 
LtiG    a»s 

aoD 

14„..„_ -„-..„.... 

11^ 

H , 

tsi 

M.„-,..,.., „ 

asD 

IT.- ,„...,„.,,.,. 

tiO  1  l.UU 

iM  i.m 

LUG     l.»0 

a  411 

1B..,„.„..,.^...... 

fi.BO 

4.  Has 
4,:t2 

L1I5 

ari) 

14S 
K.40 

ttk...-.,.,.., 

^att 

I&, J 

31  «] 
S,4a 

4.1/1 

4.  at 

4J» 

a  an 

LTO 
LHO 

100 

auo 

140 

ai£i 

130 

M-  r*..  ....•«  M^r**--*  --»•■» 

1« 

•-**--.      . 

IE,  HI 
141) 

4JIJ 
IW 

4,a> 

am 

4JV> 

a  or 
aril 

i.un 

L«l 
LA 
LtTi 

110 

aiA 
aiA 

a^ 
aao 
aai 

>L40 

||[_    ^ 

f4S 

«.._„,,.'„  r™.„.^ 

t.m 

^  4irT%ii. *«.«..       -   - 

S£  4D 

i  141 

4.uri 

4.  so 

M.1D 
3,flg 
4.05 

iw 

2.  ill 

1.1W 
LOO 
LUO 

urn 

LWII 

L80 

lau 

a0i 
aaj 

116 
lao 

ft. „„..,...„„-.., 

f.4t>  '  S,f(l| 
S,IO  1  4.10 

fi.*B 

w-    -  -^ - 

4,T5 

iiL ,„... 

?.I0  1  8.00 

a.4fl 

4.«? 

4.08 

ISA! 

LOO 

L7» 

1.90 

asD 

a  a) 

4,^ 

»..„,,„. 

14U  1  „„. 

».») 

4.4A 

4.(1^ 

aw 

LW 

LIR 

].ao 

aif> 

*ai 

4.4S 

m...... ,.,„_..„,. 

140      - 

4.j]0 

4.or> 

4.05 

a«> 

LW 
1.90 

LTfi 

t.BOi 

a  15 

110 

2.30 

4-:P* 

SI - 

140 

!»& 

Miscellaneous  measurenients  in  Interior  Basin. 
HUMBOLDT  RIVER  BASIN. 


Date. 


1902. 

Apr.  28. 

22. 

July  23. 

Apr.  22. 

July  22. 
Apr.  28. 
23. 
July  22- 
Apr.  23. 
July  23. 


Hydro^apher. 


O.V.Taylor. 

do 

D.W.Hays  . 

C.  V.  Taylor. 

D.  W.  Hays  . 
C.V.Taylor. 

....do 

D.W.Hays  . 
C.  V.  Taylor. 
D.W.Hays  .. 


Stream. 


Humboldt  River 

Irish  American  ditch  . 

do 

Southwest  ditch 


.do. 


South  Riverside  ditch  . 

Bodg^rs  ditch 

do 

Union  c 
do. 


Ix>cality. 


Below  Pitt  dam,  Nev 

Near  hoad-ifates,  Nev ' 

do I 

Wagon  bridge  south  of  rail-  | 
road,  Nev.  | 

At  Railroad  bridge,  Nev ' 

At  head-gates,  Nev I 

Flume  across  river | 

do .....i 

Box  near  head ' 

....do I 


Dis- 
charge. 


Sec-feet 
151.0 
34.7 
28.3 
30.3 

24.7 
6.4 
48.4 
4L7 
230 
28.3 


nrrEBioB  basiit. 


MiscdlaneouB  measurements  in  Interior  Basin — Ckmtinned. 
WALKEB  RIVEB  BASIN. 
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Date.    I    Hydrographer. 

I 


Aug.  «-.| 
htym..\ 
Aug.  7.. 
Sept.  83.. I 
Oct  4-! 
July  24. 

Sept.  3. 
jQlyS. 

Sept.  10. 


Aug.  21. 
Oct  ft. 
Aug.  21. 
Oct   4. 

7. 
7. 


Jnly  28.. 

Aug.  27.. 

Oct.    6.. 
Aiig.28.. 


31. 
Sept  6. 
July  23. 
8eptll. 


July  23. 
23. 

23. 


D.W.Hrts  .. 
L.H.  Taylor  . 
D.W.BmjB  .. 

....do 

....do 

L.H.T*ylor  . 


D.W.Hays  .. 
L.H.  Taylor  . 


D.W.Hays  . 


D.  W.  Hays  . 

....do 

....do 

....do 

....do 

....do 


.do. 
.do. 


L.H.  Taylor  . 
D.W.Hays.. 


.do. 
.do. 


....do 

....do 

L.H.  Taylor 
D.  W.  Hays  . . 


L. H.Taylor  . 
....do 


.do. 


Stream. 


Weat  Fork  and  iributariet. 

West  Walker  River 

do 

...J.do 

do 

do 

do 


.do. 
.do. 


Tunnel  ditch  . 


EoBt   Walker  and    tribu- 
taries. 


Robinson  Creek . 

.....do..., 

Bnckeye  Creek . . 

do 

Somers  Creek  . . . 
Qreen  Creek 


Dogtown  Creek  . 
Swanger  Creek.. 


East  Walker  Biver. 
....do 


..-.do 

Sweetwater  Creek 

East  Walker  River. 

do 

....do 

Walker  River 


Ditches  from  Walker  River. 

Meritt  ditch 

Mason  Slough 


Slough  - 


LocaUty. 


Dis- 
charge. 


Connty  bridge,  Cal . 
Hoys  Bridge,  Nev.  . 

....do 

do 

....do 


Lower  end  SmithH  Valley, 
Nev. 

...do 


Wilsons  Ford,  head  of  Ma- 
son Valley,  Nev. 

Prom  West  Walker,  Mason 
Valley,  Nev. 


Below  Twin  Lakes,  Cal 

do 

Above  all  diversion,  Cal 

do 

do 

Above  all  diversion  above 
Standard  dam. 

Above  all  diversion,  Cal 

At  bridge  below  Huntoon 
ranchfCal. 

10  miles  below  Bridgeport, 
Cal. 

5  miles  below  Bridgeport, 
Cal. 


.do. 


East  Walker  River  toll-road 
crossing,  Nev. 

Webster's  ranch,  Nev 

....do 

Strosnider's  ranch,  Nev 

Nordyke,  Nev 


I  Sec.'feet. 
>        222.0 
225.0 
I  72.0 

a8.0 
44.0 
180.0 

21.0 
113.0 

7.4 


75.7 
24.0 
43.2 
20.0 
4.2 
7.1 

7.1 
5.7 

196.0 

80.0 

58.0 


66.0 
42.0 
106.0 
14.0 


Mason  Valley,  Nev 

Hoadgates,  Mason  Valley, 
Nev. 

At  Mason's  house,  Nev 


11.9 
63.8 


7.3 


CARSON  RIVER  BASIN. 


19rtt. 
Aug.    6. 


Sept.  9.. 


Aug. 
Sept. 
Aug. 


C.V.Taylor 


..do 


Trifmtarii's  of  East  Fork.    I 

Indian  Creek |  At  head  Cohn  and  Harvey 

I      ditch,  Cal. 

Hawkins  (Troek 


i    mile    abovt* 
hou»>i,  Cal. 


Hawkins'H 


L.L.Richard do do 

C.  V.  Taylor Peternons  Creek !  Near  old  sawmill.  Cal 

L.L.Richard do |  Alx)ve  Cohn's  meadow 

C.  V.  Taylor |  Long  Valley  (^reek i  Diamond  Valley,  Cal . . 

....  do 


.do. 


..do I  Above    Springmey«r  's 

j      ranch,  Nev. 

-do '.Dam  ^te  ot  'Lotvii;  \»J^^^ 


0.72 

1.18 

1.10 
1.27 
.41 
4.12 
2.48 


126 


b 


STRKAM    HKASITREMENTS    IN    1902,    I'ART    IV. 

Misceituneouj*  Ttutattnrefneiitit  in  Jnitrittr  Btuin—0(mUuxuid. 
CARSON  RIVER  BASIH— Contlliiial. 
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.,-..do ..,,.. 

C*  V.Taylor....... 
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do 
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BSherldAnCMak 

do  .,..__,_,_ 

.-„,dCl  „„.,....  „„„„..„ 

i  mile  from  rond,NeT..,,.., 

Month  of  f*4iiiyoti,HoT  -.,„- 

AtjfTVO  */ld  h«M|!K\  N«T ^._ 
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do, .  ... 

Mcntth  imnyon^NeiT ___ 

,„.,do. 

r^  * 

If  uit«  Creek . , 

r**" 

,....do.  ....,„ 

IClDgJihnry  Cre&k ........ ,. 

k  lAlle  ftboret  month  canyon. 
In  caiayon,  Hct  . . 

»  8*1*  ?,. 
Aiv.  3,. 
Bept  r. 

Bept.  T.. 

L.L,Bicl3*nl..... 

CV.TayI<ir....... 

L.L.Richard 

C.V.Taylor....... 

LX.Rir^toard 

aV.TmyloT 

L.L.  Richard 

C,T,  Taylor 

L.L.Elnbard 

C  T.Taylor,,,... 
LL.Rkhard..... 

CVh  Taylor 

LX.  Richard         ' 

do „. 

0«^oa  Creok.  ....„„  ^.„„ 

do 

Drenler  Creek „.... 

.....do ..„ 

Jamfv  CAXiyon  Creek, 

.,.  .do ___ 

Jac^lca  ViiU«y  Crepk ........ 

do „,.. 

P^roUa  ditch     .... 

Brfdgi'<  tfchovtr  old  ralU,  Ner^- 
AboYf»aIl  diTendoiiA^NeT^.. 
Mouth  of  canyon,  Npt.  ,,,.,_ 

.....do ,_„ .......,^ 

Aqg-.  tl  . 

,,...rto . 

A^.  a.. 

Sept.  T.. 
Auk    S 

Balow  Gk<noa  road,  N#t_ 

Mouth  of  ci^nyou.  Kf*T  ..,.„ 

A  bore  Qeniia  nwl^N«r . 

PedroliB.NeT  _ 

a©pt.ti„ 

Auk.   :f 

do 

Clear  Creek ,.,....... 

...,,do .  .„ 

.....do 

Sopt.ll„ 

T 

do   ... 

Above  k?wer  ditch,  Nt?v. 

RobinsoUH  Bcix  Nor 

G.T,  Taylor,,...., 
do 

£liigii  CKoy on  Grevk  ...... 

...    do 

T 

do.. 

L.L.Ritshard 

.do 

.  ...do..     . 

ilouth of  ci^oyon* Nev  ...... 

.....do......  .         .    ,. 

Bapt    A 

do 

H 

do, 

..„,do .,.  ...     . 

An*  10„ 

O.y.  Taylor...... 

do 

...d» ::i 

.,._do 

Ash  canyon  Ci***k  ..„,... 
do  * 

t  mile  ilIvivp  mouth  ea.nyon« 
Sfer. 

Mouth  iimyontNov  .._,,,.„ 

..  ..do 

11 

L.L.  Richard..... 
do 

...    do 

T 

C/rnT^ylOT , 

.     ,do 

Walah  ditch 

Moldoon  ditch 

He^  of  dlt<^h.  Not 

7 

do 

Water  CXditeii        _       . 

,    do                      .         .-.- 

ft.. 

.....do... 

Thorn  ditrh  .  ... .,..:.. 

. :..  do ....._ 
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8AN   FRANCISCO   BAY   BRAINAGE  BASIN. 

Sacramento  River,  rising  in  northern  California  and  flowing  south, 
tod  the  San  Joaquin,  rising  in  the  southern  sierras  and  flowing  north- 
east, drain  the  western  slope  of  the  Sierra  Nevada,  traverse  what  is 
often  called  the  Valley  of  California,  and  meet  near  Suisun  Bay,  finally 
discharging  their  waters  into  the  Pacific  Ocean  through  San  Francisco 
Bay. 

Sacramento  River  derives  its  water  supply  largely  from  Mount 
Shasta  and  the  surrounding  high  ranges  in  the  extreme  northern 
portion  of  California.  The  stream  does  not  have  the  same  regular 
annual  fluctuations  that  characterize  the  rivers  discharging  from  the 
higher  Sierra  Nevada,  in  that  a  large  part  of  its  basin  is  not  at  an  ele- 
vation sufficient  to  cause  the  winter  snows  to  remain  unmelted  until 
the  summer  months.  The  greatest  floods  of  this  basin  usually  occur 
in  January  and  February,  when  the  snow  is  accompanied  or  followed 
by  rain. 

San  Joaquin  River  is  divided  into  two  distinct  parts.  The  valley 
portion  forms  the  central  drainage  line  of  San  Joaquin  Valley,  and  dur- 
•ingthe  spring  is  navigable  for  a  hundred  or  more  miles.  The  Stanis- 
laus, Tuolumne,  and  King  rivers  are  the  largest  affluents  of  this  por- 
tion of  the  stream.  Its  valley  is  fertile  and  almost  destitute  of  timber. 
The  mountainous  portion  of  the  stream  drains  the  western  slopes  of 
the  Sierra  Nevada  between  Yosemite  National  Park  and  Mount  God- 
dard,  the  crest  of  its  divide  reaching  an  elevation  on  the  north,  in 
Mount  Lyell,  of  13,000  feet,  and  an  elevation  of  14,000  feet  in  Mount 
Goddard.  The  resulting  steep  grades  of  this  river  offer  exceptional 
opportunities  for  water-power  developments,  and  the  high  elevations 
of  the  basin  insure  a  well-sustained  summer  flow  from  perpetual  snow 


The  following  streams  are  tributary  to  either  the  Sacramento  or 
San  Joaquin  rivers : 

Cache  Creek  is  the  outlet  of  Clear  Lake,  in  Lake  County,  Cal. 
Flowing  southeasterly,  its  flood  waters  find  their  way  into  Sacramento 
River  between  the  mouths  of  Feather  and  American  rivers.  In  1889 
Clear  Lake  was  segregated  as  a  reservoir  site,  as  described  in  the 
Thirteenth  Annual  Report,  Part  HI,  pages  405-409.  During  1900 
a  hydrographic  examination  of  the  entire  basin  of  Cache  Creek  was 
made  by  A.  E.  Chandler,  whose  detailed  report  has  been  published 
as  Water-Supply  Paper  No.  45. 

Feather  River  is  the  second  largest  tributary  of  Sacramento  River, 
Pit  River  being  the  first.  Its  basin  line  follows  the  crest  of  the 
Sierra  Nevada  for  about  130  miles.  The  rainfall  in  this  basin  is 
large;  the  mean  for  nineteen  years  at  Mumfords  Hill,  Plumas  County, 
is  71.64  inches;  the  rainfall  for  the  year  1889-90  at  this  point  reached 
138.85  iDcbes.     The  wnt^r  collected  by  the  river  w\\eii  T«m&  wc^  ^<^m- 
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eral  sometluies  ottUBes  treraetnlous  freshet**,  iisaally  f>f  nhort  duration 
The  river  lias  at  snch  times  ovortapped  its  right  Imnk  and  overflowei 
th  e  pi  a  1  n  la  ndn  to  t  h  e  n  o  rth  wa  n  1  o  f  S  u  tte  r  B  uttres .  T\  i  is  occ  arred  e  v  e  i 
before  the  great  red  motion  of  wiit^rway  below  the  mouth  of  Tub 
River,  The  channel  of  the  river  below  it^  juoction  with  the  Yiil>j 
has  Ix^come  tlie  reposit^iry  of  so  much  mining  debris  that  iLs  bed  ha 
beeome  nearly  tilled.  Itf^  bottom  inalmofitat  the  heights  of  its  forme 
ImnkH.  Levees  have  l>eeu  built  to  prevent  overflowing.  There  is  i 
eomparatively  small  portion  of  the  snmmer  flow  of  this  stream  usee 
for  irrigation,  though  thu  possibilities  of  irrigation  and  x>ower  develop 
riient  an.^  grrat. 

There  are  .nome  excellent  rescirvolr  sites  on  the  upper  tributaries  ol 
the  North  Fork  of  the  Feather.  This  stream  is  fed  in  part  Ijy  largi] 
springs,  one  of  which  in  Big  Meadows  was  flowing  100  cubic  feet  per 
second  i  n  September,  1 0O2,  and  another  G4  cnbic  feet  per  second. 

Stony  Creek  drains  7*30  square  miles  of  the  eastern  slopes  of  the 
Coast  Unn^e.  Aftin-  reaching  the  Saerainenti)  Valley  it  flows  nortb 
for  a  nuiulicr  of  miles,  contrary  to  the  general  drainage,  and  then 
turns  east  and  enters  Sacramento  River  helovf  Yinfi,  Cah  A  lAt^ge 
portion  of  the  basin  nc^ar  the  heftdB  of  the  stream  is  heavily  eoveriid 
with  commercial  timlier.  There  are  a  number  of  good  reservoir  sites 
on  this  stream  and  its  tributaries^ 

Tuolumne  Rivt^r  rises  un  the  western  slope  of  the  Sierra  Nevada  in 
Oalifornia  and  drains  tbti  country  between  Stanislaus  River  on  the 
north  and  Merced  River  on  the  south.  The  northernhalf  of  Yosemite 
National  Park  includes  a  portion  of  the  draniage  basin  of  this  stream* 
The  river  is  fed  largely  from  small  mountain  lakes  occurring  high  in 
the  drainage  basin,  where  the  snow  remains  on  the  mountain  slopes 
throughout  the  year,  thus  insuring  a  large  run-off.  The  stream  has  a 
heavy  fall,  and  the  opportunities  for  power  development  are  numerous. 
There  are  also  a  number  of  reservoir  sites  in  the  basin  where  flood 
water  could  be  stored  for  use  during  the  irrigation  season.  The  Tuo- 
lumne is  an  important  tributary  of  the  San  Joaquin. 

Merced  River  above  Merced  Falls  drains  approximately  1,090  squan 
miles  of  the  western  slopes  of  the  Sierra  Nevada.  There  are  includec 
in  the  eastern  portion  of  its  drainage  area  a  large  number  of  higl 
peaks,  the  highest.  Mount  Lyell^  reaching  an  elevation  of  13,042  feet 
Its  basin  lies  south  of  that  of  the  Tuolumne,  the  courses  of  the  tw( 
streams  being  nearly  parallel. 

King  River  rises  on  the  western  slope  of  the  Sierra  Nevada,  ii 
Fresno  County,  Cal.  The  waters  coming  from  the  high  catchmen 
basin  are  probably  of  greater  value  for  irrigation  purposes  than  thos< 
of  any  other  stream  in  central  California,  being  used  for  raising  grape 
and  deciduous  fruits  in  the  neighborhood  of  Fresno,  Selma,  and  Han 
ford.  The  summer  flow  of  the  river  is  now  entirely  diverted,  am 
during  the  dry  season  of  the  last  few  years  U\^  sca\*e\V^'  vit  >wa.lier  ha 
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caused  many  hardships.  In  the  spring  there  is  a  large  surplus,  due  to 
the  melting  of  snows,  which,  if  stored  in  suitable  i*eservoirs,  would 
bring  larger  areas  under  cultivation.  The  river  has  a  relat  i vely  gentle 
grade,  affording  little  opportunity  for  power  development. 

Tole  River  drains  a  portion  of  the  western  slope  of  the  Sierra 
Nevada.  Its  basin  has  somewhat  less  run-off  than  that  of  Kaweah 
River,  which  joins  it  on  the  north,  and  is  much  less  elevated  and  snow 
covered  than  the  King  River  Basin.  The  water  of  this  stream  is  all 
appropriated  during  the  irngation  season,  and  a  i>ortion  is  used  in 
irrigating  valuable  orange  lands  in  the  vicinity  of  Portersville,  Cal. 

Kern  River  flows  from  the  southern  end  of  the  Sierra  Nevada,  l)eing 
formed  by  two  large  tributaries,  known  as  the  North  and  South  forks. 
These  have  a  general  southerly  and  parallel  coui-se  and  unite  a  short 
distance  below  the  town  of  Kernville.  The  run-off  from  the  drainage 
basin  as  a  whole  is  notably  less  than  that  from  the  catchment  areas  to 
the  north.  This  is  probably  due  to  Ihe  fact,  that  a  portion  of  the  basin 
is  to  the  east  of  the  high  crest,  and  is  sheltered  by  the  mountain  mass 
from  the  rain-bearing  winds.  The  waters  of  Kern  River  are  almost 
completely  used  for  irrigation  by  the  large  canals  in  the  southern  end 
of  the  San  Joaquin  Valley.  The  greater  part  of  the  land  is  included 
in  large  holdings  owned  by  the  Kern  County  Land  C'ompany  or  by  the 
Miller  and  Lux  estate.  The  wintc^r  waters  are  in  part  stored  by  the 
Miller  and  Lux  estate  in  Buena  Vista  Lake,  into  which  the  river 
naturally  discharges.  The  waters  of  this  lake  are  controlled  by  a  sys- 
tem of  levees,  so  that  they  c^n  be  used  during  the  following  summer 
to  irrigate  lands  lying  to  the  northwest.  This  lake  is  very  broad  and 
shallow  and  there  is  great  loss  by  evaporation,  so  that  as  a  matter  of 
economy  it  would  be  desirable  to  hold  this  water  in  the  upi)er  moun- 
tain vallej'^s.     This  would  afford  also  a  large  supply  for  water  power. 

The  fall  of  Kern  River  is  sufficiently  large  for  the  development  of  a 
considerable  amount  of  water  power. 

The  following  is  a  list  of  the  stations  in  the  San  Francisco  Bay 
drainage  basin : 

Cache  Creek  at  Lower  Lake,  Cal. 

Feather  River  at  Oroville,  Cal. 

Stony  Creek  at  Jnlians  raiidi,  near  Fmto.  Cal. 

Sacramento  River  at  Jellys  Ferry  and  at  Iron  Canyon,  near  Red  Bhiff ,  Cal. 

Tuolumne  River  and  Turl(x*k  Canal  at  Lagrange,  C'al. 

Merced  River  above  Merced  Falls,  Cal. 

King  River  at  B^ingsbnrg,  Cal. 

King  River  at  Red  Mountain,  near  Sanger,  Cal. 

Tule  River  near  Portersville,  Cal. 

Kem  River  near  Bakersfield,  Cal. 

San  Joaquin  River  at  Hemdon.  Cal. 
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CACHE  CHEEK   AT   I.OWEB  hAKM.  CAL. 


tiM, 


1 


On  aecoitnt  of  tho  great  Importance  of  Clear  I^ake  a^a  z^tonig^  rener- 
¥ot7,  a  gaging  sibatioii  wits  uit^tablishod  at  the  wu^ofi  bnelge  acrtiss 
Cache  Cret^k,  one-half  mile  north  of  the  to^vn  of  l.ower  t.akts  Jfmujitj 
^1^  1901.     The  observer  ig  Mrw.  J.  H,  ADiler»(iH, 

EvHpomtinn  mein^ls  have  lieen  kept  at  Lakeport  on  C]le«r  Lak** 
#ineo  F^hruary  1,  lOOL  The  evaporation  ])an  U  ^l  feet  R^pian^rnir!  h5 
feet  deeji  niid  in  fltiat-od  on  a  tiian^uUir  raft  anchort^d  in  a<*ove  where 
lit  is  not  exposed  to  the  foil  foi-ea  of  the  wind.  Evaporation  olwjervft- 
jtionti  were  begun  on  the  land  at  the  same  point  Septeniber,  Wh 
jCapt.  D.  0.  Rumsiey  ie  the  observer.  A  table  giving  the  evap^mtioo, 
I  by  nionthE,  from  February,  IfKil,  to  Decembt^r  31,  11)0^,  will  Im^  fuimil 
in  the  following  pages. 

Diicharge  ptetMurmnenU  uf  Cache  Oreek  at  Iji:na€r  lAikt,  Ctd, 


iMto. 


I  January  ***y .         ....,„. ^- 

i  Februttry  13 _ . . .  ^ . . . 

■  March  3..,.^,.^-.,.^ ,^ 

'March  19.. .— ^^^^..,. 

April  n .-_.----- - 

Apnl  '21 ., 

MftyS 

Jfoylfi- 

Mayai... - -- 

Jnne  14  -__.,....,,-._.... 

July  13 

JulySe „„„.. 

Aogtiitft .,,,.,    -., 

Aiignst2!3.    ,  \ ,-* 

Septeiuliet  It .  _  _  _ . 

£lept*^mber  20..._.. , 

October  4  . ^^^_ 

October  20 

Nov€*uil^r  i . . 

November  H* _. . , 

December  Ifi _  * , 


Hydrt^^mpbur, 


J.  R.  Anderson..,. 
..„,dQ  „.,....,.. 
^do _ 

„.-.do  .- .„. 

ih> 

.,.   Mo  ,„ 

8.  O.  Bemi^'tt  .,, 
J,  H.  AiidtTBon  ,  _ ,  _ 
do 


...  .do  ,.....- 

.„,-do -- 

do..-.-.. 

.  .--do    

..„,do  .....--, 

_  .--do . 

...do  ..._._, 

.,.-_dti 

...<,do .... 

do. -.-_-. 

._..do .. 

S.  G.  Bennett 


CJai 


r¥t. 


2.5 

7.7 
6.5 
5.9 
5p2 
4.5 
4.0 
3.6 
3.1 
^.8 
2.7 
2.5 
2.3 
2.2 
2.1 
2,0 
2.! 
2.8 
2.fl 


TO 

2fiO 

1J51 

1,39T 

l,3li 

1,043 
g53 
720 

345 

m 
m 

]m 

8S 
U8 
245 

300 
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Daily  gage  height,  in  feet,  of  Cache  Cre^k  at  Lon^'r  Lake,  Cal, 
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Emy. 

j«ib. 

Tebu 

Uu. 

Apr. 

Magr. 

Jiow. 

Jidy. 

Att#^ 

1»K. 
1         ,  .  .     _  _ 

lis 

10 

1.6 
l.ft 

a.  5 

«.5 
6.5 

5.4 
5.9 
5.R 

4.0 
4.0 

a  3 
as 

as 

3.8 

3  7 

■"'   ""■ " "'"* 

a  7 

1 

18 

l.T 

<L5 

6,5 

5.S 

3.9 

as 

a  7 

Lfl 

i.r 

flus 

6.5 

5.1 

3.  ft 

a« 

a  7 

1.8 

1,1* 

7.»I   T.n 

6.0 
5.1 

rf.8 
!*.8 

ag 
as 

4  7 

T_ „,.„... 

a7 

1_ ,___. 

1.6 

2.0 

8.0       fl.S 

5.1 

R.H 

a  a 

ST 

Ifl 
1ft 

e.i 

8.0  8,8 

8.1  '  e,H 

.vo 

5.0 

3,8 
8,7 

as 
ai 

J!  7 

ML.....,., 

aw 

IL - ........ 

la 

a.« 

8.U      6.8 

4.!J 

a.  7 

ai 

afl 

«,....„-,.. .-.-..„. 

i.e 

%.i 

8.ft  ,    6,T 

i.7 

a.7 

a  I 

afl 

lt_      .  _    .,„ 

i.fl 

£.5 

8.0 

6.8 

4.7 
4.A 

3*.  7 

:ii     i,fl 

li.._. ...........     -- 

:il     a.e 

«,.„„. 

1.6 

rfi 

r,tt 

6,5 

4.7 

S.8 

ai»     ±e 

ll....,._.._.... 

l.ft 

£.e 

T.B 

6.5 

4.7 

ae 

ao     ^,0 

U,.. 

Ifl 
l.fl 

»,7 

7.8 
7.7 

A.5 
6u5 

4.7 
4.0 

an 
as 

ai»    ^0 

ll_ ,. __.,-,. 

ao     a,5 

11.-.                     ....... 

16 
16 

£.7 

7.7 

6.5 

4.5 
4.5 

as 

au     £.5 

*,.„..._........ 

art     ir. 

a.,™......... ,,„„ 

l.fl 

a!J 

T.4  1  a.e 

4.4 

as 

at* 

a  5 

aL, , 

17 

If 
17 
18 
IT 
IjS 
LB 

3.1 

4.6 
i.i 

7.4 !  &ri 

7.5  !    5.B 

4.fl 
4.3 
4.^ 

4.e 

4.1 
4.1 
4.1 

aB 
a& 
a4 
a  4 

a  4 
a  4 

aB 

ao 
an 
ae 

18 
2,8 

an 

:»ri 

%.. ..    .,.  ,  ......... 

aft 

«..^„.. 

5.« 

a  6 

s.._    , 

a  4 

a . ..            .        . , 

7.1  j    5.6 
7.0  1    5.7 

e,K ;  5.5 

a  4 

». 

a  4 

m ._ 

a  4 

a .. ,„„.„. 

16 

6.7  1    5.5 

4.1 

a  a 

ao 

a  4 

aeL_._„ 

la 

A.8  I    5.4 

4.0 

a» 

a  8 

a  4 

31 _.......... 

1,6 

6.5   ...... 

4.0 

as 

a  4 

S«pC 


<»ct.  ,  Ntrr. 


a  4 
a  4 
a4 
a  3 
ait 
a  a 

a» 
a  a 
an 
a» 
a  3 

a:i 

IH 

as 
a:> 

a» 
a£ 
as* 
a« 
a^ 
a^ 
as 
a» 
aa 
a£ 

ai 
ai 


ai 
ai 
ai 
ai 
ai 
ai 
ai 
ai 
ai 
ai 
ai 
ai 
ai 
ai 
ai 

an 
a 

ao 
ao 
ao 
ao 
ai 
a£ 
at 
ai 
ai 
ai 
ai 
ai 
ai 


ai 

a  I 
ai 
ai 
ao 
ao 
ai 
aa 
at 
a» 
aw 
an 
an 
an 
an 
a  8 
aK 
an 

£8 

a** 
aM 
a  8 
a* 
ar 
a  7 
a: 


Dou. 


a  7 

a  7 
a  7 

a  7 
a  7 
a  7 
a  7 
a  7 
at 

2.H 

as 
a  8 
ao 
as 
as 
as 
a  8 
a  8 
as 
as 
as 
as 
as 
as 
as 
a  9 
a  9 
a  9 
a  9 
a  9 


Rnting  table  for  Cache  Creek  at  Lower  Lake,  CaL,for  190J. 


Gajre 
height. 

fWt. 
1.5 
1.6 
17 
1.8 
1.9 
2.0 
2.1 
2. 2 
2.8 
2.4 
2.5 


DiH<*hargre. 


Secfmd-feet . 

40 

52  ; 

64  ; 

78     I 
94    i 

110  ; 

130 
150 
175 
200 
225 


GaKo 
hoijcnt. 


Ftet. 
2.0 
2.  7 
2.8 
2.9 
WA) 
3.2 
3.4 
3.6 
3.S 
4.0 
4.2 


Diwhar^fo. 

Svrond'fvvt 

250 
280 
310 
340 
370 
430 
490 
550 
610 
670 
730 


Gafaro 
height. 


I 


Ff-rt. 

4.4 
4.  6 
4.8 
5.(> 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4 


DiHcharjf**.  i 

S<rolul-ft'rt. 

790  : 

850  : 

910  ; 

970  ; 

1 , 030  ! 
1.100 
1.170 
1 ,  240 
1,310 

1380  ; 

:       1,450  I 


ftago 
heij?l 


3it. 


Fvet. 

6.6 

6.H 
7.0 
7.2 
7.4 
7.6 
7.8 
S.O 
8.2 


I 


Diftcharjfe.  J 
Scnmd-O'vt. 

1,520 
1,590 
1.660 
1,730 
1,800 
1,870 
1,940 
2,010 
2,080 


\ 
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!v; 

1 

E»UnmM  rnofithlff  di^httiye  0/  Ca^ht^  Urmk  at  tjtywet 

lAtkt\  (*aL 

[DiwinAgii  »»««*  'VII  0qii«iro  toilOB.] 

Hcmtli. 

Bbdittygtt  JH  MdOi^KeiML 

HmtHiff. 

MlEiimum. 

Mcmn, 

per  muMfe 

"JS? 

1903. 

.Tatinury 

T8 

40 

S» 

3pd5D 

o*n 

February  .  _ 

1,845 

53 

381 

21,100 

.76 

MdTcb      ..  ._ 

Ji,060 

1,^S 

i,nw 

it>«,r>S7 

^:m 

April    ..^.-.^....,_ 

1,000 

IJOO 

1.427 

§4,»12 

zm 

Hay  .. 

1,100 

070 

Hfl.'S 

mi,  18T 

\:n 

Jmi^-^-^ 

070 

400 

5o« 

8a,0S4 

1,11 

pt#  — 

440 

SIO 

SHI) 

2si,aa5 

.70 

By^Bi .. 

UQ 

BOO 

W 

14  am 

.49 

fib^didlker 

900 

ISO 

163 

9.»1I0 

.sa 

1  October 

ISO 

110 

m 

7.J!*0W 

^25 

■pToyfiiiiDisr -  -,...^.^ 

580 

110           tJfiH 

is^a'jo 

,53 

^0 

24H] 

mi 

i?*,Hn 

.01 

r            They«ar.._. 

i,WO 

40 

544 

394,680 

tO0 

1 

ErxiporatioH  record  of  Clear  L<tke  at  Lakeport,  Cal» 

[D.  C.  Ruius«*y,  ()]>»i^rvor.] 


Evaporation  in 
inches. 

Evaporatioi 
inches. 

Lake. 

Land. 

Lake.        Lt 

1901. 

1902. 

January  (estimated) .. 

0. 85 

January 

0.  85 

February 

.95 
2.40 

February  _       .       

March . 

.25 
1.60 

March... 

April- 

3. 05 

April 

May 

2.60  : 

May . 

3.70 

4.00 

June 

3.95 
5.15 

June - 

July--- -- 

Auenist 

4.65 

July 

6.65 

August 

September  . .  . . 

5  00 

4  40 

3.35 

«1.6 

Septeml>er . 

October 

November . .         

December 

4.10  1 

October 

2.30 

.85 
1.30 

2.45 

1.05 

.95 

1.95 
.45 
.40 

November . 

December 

32.85 

6.05 

31.90 

oP 

-"  16  U>  29. 

I  hvhl] 
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FEATHER  RIVER  AT  OROVILL.E,   CAL. 

At  Oroville,  where  Feather  River  breaks  from  the  foothills  on  the 
western  slope  of  the  Sierra  Nevada  into  the  Sacramento  Valley,  it  has 
a  drainage  basin  of  3,350  square  miles. 

The  minimum  midsummer  discharge,  as  far  as  known,  was  in  1900 
when  the  stream  was  flowing  1,123  second-feet.  Observations  of  daily 
river  stage  were  begun  January  1,  1902,  using  the  rod  of  the  Weather 
Bureau,  which  has  been  in  place  for  a  number  of  years.  Readings 
on  this  ro<l  have  been  taken  and  reported  by  the  Weather  Bureau 
during  flood  heights  when  there  was  danger  of  overflow  on  the  lower 
Feather  and  Sacramento  rivers.  It  was  found  that  there  would  be 
minus  readings  during  low  stage,  and  2  feet  have  been  adde<l  to  the 
reading  as  observed  on  the  rod.     The  observer  is  Miss  Louise  N.  Lee. 

Discharge  measurements  of  Feather  River  at  Oroville,  Cal. 


Date. 


1902. 


Hydrtjjfrapher. 


January  29. |  S.  G.  Bennett . 

March  1 do 

May? •_ j'....do 

Septemher4 C.A.Miller 


September  10_ 
l>ecember  18  _ 


do .. 

S.  G.  Bennett . 


Gaare 
heiKht. 

DiHchaiye. 

hWi. 

St'coiyl-feet. 

1.85 

1,960 

8.70 

15,228 

8.75 

15,476 

.% 

1,385 

.92 

1,890 

3. 65 

3,298 
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Ihiiiy  gage  htight^  inf^t,  of  Feather  Rivttf  ut  Orovillet  (MK 


1 

Jail, 

Pflb. 

Ua^. 

Apr. 

Mft^jj*ili6. 

July. 

Aoff. 

EMfpl^, 

Oct, 

K»v 

&*«. 

lUW. 

!-„....-. „„ 

15 

m5 

T.O 

a« 

T.6 

7.  a 

T.O 

aa 

1.1 

a3 

Lf 
L£ 

II 
IS 

[  i... .......... _. 

I^..,.,_,,^^...,.™ 

«,s 

£.0 

14.  I> 

»t.f| 

7.  a 

«.& 

a.c^ 

1.4 

,* 

Lt 

KN 

!♦**,,,.„„         ^.^Hrm** 

i.u 

£,!» 

».« 

lao 

7.1 

II.B 

10 

1.B 

.* 

ti 

tu 

fi.._._   _,^..^..4„.™ 

IP 

ao 

«jt 

laQ 

7,0 

0.£ 

10 

1.S 

.8 

Lt 

i« 

Ik,^,..,^,.p. .«*-.,*- 

f.o 

S,5 

a» 

HJ> 

»,0 

as 

i» 

1,S 

.8 

L4 

^.A 

•T,-,.^.-^ ,*^..**:^.,,, 

£.0 

s.o 

a  I 

14. U 

ft.  a 

0.11 

17 

L3 

.8 

18 

U 

tl-.^.-,.; ,„„.„-. 

Jtd 

'lilt 

B.g 

1^.8 

l».4 

«.o 

IJi 

X*l 

.If 

18 

u 

t«  .^,  ^ ^^,,,  *,.,—  *. 

10 

n.» 

».«   It* 

S.4 

11.0 

i& 

Li 

.J3 

19 

il 

|^„,.,._,..., ,„_,,.,_., 

fi,(i 

10,  i 

8  4    iH,n 

a4 

an 

14 

l.$ 

,H 

8.5 

t,» 

tl. „.„,_„„ 

W.7 
W.8 

*.5 

a» 

ii.7 

8,8 
iL7 

14 

la 

i.a 

5.8 

lau 
la 

^W^bwc-iv^Wf***!!*****''.  -<-- 

l**^..,.,.« 

*.!> 

^.» 

H.D 

ar 

9.0 

5.S 

la 

18 

»8 

a8 

M.i 

«,.-_,„_.„«-.,«,„. 

S.Q 

Le 

a.  7 

A.S 

8,» 

14 

i» 

1,3 

.a 

a& 

i> 

!!,,„..,.._..„..._.., 

S.fl 

U.f* 

d.4 

»,o 

».n 

4,7 

It 

Ld 

.8; 

14 

11 

rift. .,,...*-.^.«™ 

S.0 

11.  a 

0.4 

ILA 

a.  4 

TkO  '    10 

1.S 

.$ 

14 

il 

ar. „.-«-,-^.„..^ 

f.fl 

115 

4I.G 

U.O 

a  3 

4.«      1.B 

i.a 

.ft 

.A 

4.0 

i« 

WL-,^_,„.,..^,. ,.i 

10 

10. !» 

«,7 

111  A 

t,rt 

4,& 

1.9 

i.a 

.« 

5.S 

.  !Lt 

ft............ —,.,.. 

£0 

a  A 

0.8 

a  4 

7.6 

7.  a 

i.8 
4.B 

1.8  1 
1.3 

.8 

BL.. ..-„..,_..,.. ,.^„ 

U..^ .-.,...,-. 

HI* 

ttj) 

e.H 

tt,«i 

7.0 

4,1 

L" 

1.3 

L9 

4.a, 

».i 

■  . 

U,5 

41 

4.ri 

1,7 

La 
Li 

11 
11 

u 

it.,__.^ ,^.*.„- 

^*_,..^,,,^»^„— , .,.,,... 

xo 

ms 

S.4 

as 

e.i 

4.0 

1,7 

L)i 

,8 

13 

11 

to 

SL^ 

2.0 
£.0 
10 

jar 

an 

7.B 
7.5 
7.4 

au 

3.S 

l.fi 

i.i 
1.1 

Ll 

3.4 
LS 
L2 

19 
15^ 

11 

3U 

(it..  - .  - 

4JI 

»,.,,,„„„ 

11.0 

». -,- ..__.-_.„ 

s.o 

ma 

do 

7.n 

T,B 

a.s 

l.fi 

1.] 

I.a 

L» 

8.0 

». -.— 

».« 

n.o 

«ji 

7.R 

3.2 

L5 

1.0 

Lg 

17 

Ti 

Sk. , 

SkGj 

A,f) 

T.» 

7.H 

;).o 

15 

LP 

h2 

Lfi 

&0 

BL 

s,o 

&.W 

7JI 

1.4 

1.0 

L8 

«,s 

Rating  table  for  Feather  River  at  OroviUe,  Cal.^for  190:?, 


Gage 
height. 

Discharge. 

Gage 
height. 

Feet. 

Discharge. 

Gage 
height 

Feet. 

Sectrntl-feft. 

Svcond-feet. 

Feet. 

0.8 

1,300 

3.0 

2,  750 

5.2 

1.0 

1,400 

3.2 

2, 950 

5.4 

1.2 

1,510 

3.4 

3, 150 

5.6 

1.4 

1,620 

3.6 

3, 365 

5.8 

1.6 

1,735 

3.8 

3, 595 

6. 0 

1.8 

1,855 

4.0 

3, 825 

6.  5 

2.0 

1,975 

4.2 

4, 095 

7.0 

2.  2 

2,115 

4.4 

4,365 

7.  5 

\ 

2.4 

2, 255 

4.6 

4,  660 

S.I) 

/ 

2.(5 

/ 

2,410 

4.8 

4,  980 

<S.  5 

/"/ 

s,m)    1 

5.0 

5,  300 

^^^) 

Dischiirgo. 
Sero,ul-/eet 

5,  660 
6,020 
6,400 

6,  HOO 

7,  200 

8,  300 

9,  500 
10,900 
12,500 
14.  100 


Cfage 
height. 


Feet. 

9.5 

10.0 
10.5 
11.0 
11.5 
12.0 
12.5 
13.0 
14.0 


DL««'lmrK«'- 
Seviiitd-fi'ft 

18,  \m 

21,200 
23..">(X) 
25.S(X) 
2.8. 1(K) 
30. 4(M) 
32,  TIM) 
35,I)(K) 
39. 600 


nriLL] 
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Estimated  monthly  discharge  of  Feather  River  at  Oromlle^  Cat. 
[Drainage  area,  3,350  aqnare  miles.] 


Month. 


Discharge  in  second-feet. 


Total  in  acre- 
feet. 


Run-off. 


Second-feet'  tv.«*i,  <«. 


inches. 


STONY   CREEK  NEAR  FRUTO,  CAL. 

On  January  30,  1901,  a  gaging  station  was  established  by  Bnrt  Cole 
Julian's  ranch,  G  miles  northwest  of  the  town  of  Fruto,  Cal.,  to 
termine  the  amount  of  wat«r  available  for  storage.  The  observer 
Mrs.  Lee  Julian. 

[)uring  1902  the  following  discharge  measurements  were  made  by 
G.  Bennett: 

January  26:  Gage  height,  8.00  feet;  discharge,  126  second-feet. 
February  28:  Gage  height.  10.00  feet;  discharge,  7,880  second-feet. 
May  8:  Gage  height,  5.88  feet;  discharge,  1,080  second-feet. 
September  24:  Gage  height,  8.00  feet:  discharge,  14  second-feet. 


130  3TRKAM    SiEA^UaKMKNTH    JN    19W2,    PAftT    IV-  l^a 

Daitff  g^ge  li^ight^  in  f^t,  of  Stmiii  Ct^'k  at  Julian' b  mn^lt,  aear  Fr^dQ,  V^^ 


^•r. 


I  l^-.,„-,™ 

1,.. v-.^... 

f*::;::::::::::::™:; 

7„ ,.,_„« 

«., .... 

m.  ...... 

IS.  ..„,,. 

14-. 
IT- 

^iL»«^«^.M^A. ....... 

^HR**^*"-  ■  . .  . . 

|^,,^-»--.- *--.*.  ,  ,. 

*.».^™..,.„»„ 

ilU,. -... 


Jfta. 


4.0 

i.i 

1.0 
H.V 

B.i 

M 

me 

N.U 

an 
av 
av 

at 

4  0 
i.O 
10 
M,0 


i^UMftr.!  AprJll4i7 


_L 


4,0 

4,0 

H,« 

4.0  i 

4.7 

ll.tl 

T.& 

7,1 

7.t 

«.» 

T.B 

7.0 

7.* 

8.^ 

7.S 

7.4 

a.  7 

17 

I  ft 

10  J 
13.  £ 


H.3 

n» 

7.S 
7.« 
7.« 

M,4 
7,1 

f.a 

7,0 

7.0 
7,0 

7,0 

A,e 
A.  a 

M.fl 


&,$ 

5.T 
£.§ 
7,(1 

7.8 
T.H 
7,11 

a.0 
«.i 

s.i 

10 
5.9 

B.T 

&,A 

6.5  '    fi,7 

A. 2^  i'  h.h 


I 


^6 
5.0 


an 

n,» 

r*.6 

s.o 

l!i.i 

li.# 

a9 

10,1 

«.4  ! 

8.f 

5,4 

aft 

5,4 

i.f 

^* 

5  1 


5.1 
li.O 
4.S 
4.V 
4.* 
4.B 
Zkd 
IL5 
&.4 
».» 
&£ 
5  J 
&,» 
&S 
5.1 
R.O 
5.U 
5.0 
4  8 
4.M 
i.« 
47 
47 

4.e 
4,n 

4.5 
l.iV 
4.4 
4.5 
i,4 


Juuo< 


40 
4S 
44 
44 
44 
4H 
4  » 
4H 

4:e 

4t 

41 

41 
41 
40 

40 
»,» 

a« 
a« 

^7 

a« 
a5 

S,4 
9.4 

a  a 
ae 

t.B 
1» 
£.H 


July, 

Aw 

Lfl 

S.7 

1.9 

17 

t,9 

£.7 

%% 

a.  7 

It 

17 

at( 

t.7 

Jf.7 

«,7 

i.T 

17 

IT 
17 
£.7 
It 

17 

£.7 

17 

17 

17 

IT 

17 

17 

17 

17 

17 

17 

17 

17 

g.7 

IT 

17  I 

S.7  I 

IT 


Itepi. 


lA 
1« 
Ifl 
!« 
IH 
la 

in 

18 

a.H 
i» 
19 
1ft 
1« 
1« 
1ft 
1ft 
1ft 


IT 

17 

17 

17 

17 

17 

IT 

17  ^ 

IT  j    1» 

17  ^    10 

IT  ' 


17 

17 
17 
IT 
17 

2.^ 

IS 
IS 
lli 
1» 


1ft 

1« 
1ft 

1ft 

ao 

HO 
10 

an 
ao 
ao 

10 


Ol!t. 


aft 

15 
15 

111 

Ifj 
1& 
1* 
li 
16 
lA 


KOT,     I)0C!. 


"I 

at 
lu  . 

19 
4.11, 

40  I 
4S 
IT  I 


lA      17  ' 


lA 

a  A 

17 
17 
IT 
IT 
IT 
17 
17 
17 

an 
iti 

4t 
4  I*! 
4.1 

41 

4.0 
40 
40 

a  ft 


11^ 

10  I 
18 
fkft 
5,9 

ao| 

Til 
7.1  ' 
A,7' 
lAi 

A.A  i 

45 

14 

14  I 
la 
AJi 
11 

a,o 


&8 

1ft 

5.i 
&T 

tt 

&r 

5,< 

il 
1,1 

If 
if 

a.« 
ii 
ii 

&i 

%A 
II 
11 

1.4 

14 
II 

&.I 

11 
SlI 
j^4 

A.1 
18 
1« 
IS 
Jl,7 
5. 1 


Htitinff  tt^Ufar  ^onff  O^eJb  at  jHliati^M  runeli,  ti/^at  Frutn^  f?«l.,  /nr  JSOl 


iXti.  i«-'«^- 


Feft. 

2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 
4.4 


Sfroiui-fett . 

5 

14 

27 

44 

67 

94 

125 

185 

270 


Feet. 

4.6 
4.S 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 


Di9nluu^g^4. 

hefiSTt, 

Serotul-fet't. 

Feet. 

DlsrlMrei^ 

Second-feet. 

Feet. 

St'ftmd-fret. 

370 

6.4 

1,835 

8.  5 

4,6H0 

490 

6.6 

2,050 

1       9. 0 

5,  .510 

620 

6.8 

2  27.5 

9.  5 

6,410 

765 

7.0 

2,510 

10.0 

7,400 

920 

7.2 

2, 765 

10.5 

S,  400 

1,080 

7.4 

3,  035 

11.0 

9,4.-)0 

1,250 

7.6 

3,315 

11.5 

10.550 

1,430 

7.8 

3.  605 

12.0 

11,700 

1,625 

8. 0 

3,900 

13.0 

14,1.50 
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Wrnated  monthly  discharge  of  Stony  Creek  at  Julianas  ranch,  near  Fruto,  Cal. 
[Darinage  area,  70U  square  znileB.] 


Month. 


1902. 

muaiy _. 

jbruary 

arch 

pril 

»y ---- 

me 

"ly 

QgQSt - 

"ptember 

ctober 

bvember..   . . 
ecember 

The  year 


Discharge  in  seoond-feet. 


Maxixnam. 


150 

14,650 

7,000 

4,680 

1,000 

370 

9 

5 

14 

235 

5,(M)5 

2,765 


14,650 


Minimum. 


109 
109 
920 
690 
270 
5 
o 


55 
109 
690 


Mean. 


Total  in 
acre-feet. 


114 

4,201  ' 

2,588 

1,522 

578 

132 

3 

3 

9 

92 

1 , 5.S4 

1,132 


997 


7,010 

23,3,312 

159, 130 

90, 565 

35, 540 

7,a55 

184 

184 

536 

5, 657 

94, 255 

69,604 


703,832 


Run-off. 


Seoond-feet!  rte„*.ii  t^ 


0. 15 

5. 53 

3.41 

2.00 

.76 

.17 

.00 

.(K) 

.01 

.12 

2.08 

1.49 


1.31 


0.17 

5.76 

3.93 

2.23 

.88 

.19 

.00 

.00 

.01 

.14 

2.32 

1.72 


17.35 


LCRAMENTO   RIVER  AT  JELLYS   FERRY   AND   AT  IRON   CANYON,  NEAR 
RED   BLUFF,  CAL. 

The  gaging  station  at  Jellys  Ferry,  whiuh  is  located  12  miles  above 
e  town  of  Red  Bluff,  was  established  April  30, 1895.  The  right  bank 
the  river  is  Mgh,  but  the  left  bank  is  liable  to  overflow  when  the 
er  rises  above  the  25-foot  mark.  The  river  has  been  known  to  reach 
i  33- foot  mark.  Because  of  the  liability  to  overflow,  it  was  deemed 
dsable  to  select  a  new  gaging  station  where  the  water  at  flood  stage 
uld  be  more  confined.  A  point  in  Iron  ( 'anyon,  where  the  river  had 
m  gaged  by  the  State  engineering  department  in  1870  and  by  the 
nmissioner  of  public  works  in  181)3-04,  was  chosen  as  a  new  gaging 
tion.  The  river  stage  rod  used  l)y  the  commissioner  of  public 
rks  was  still  in  place  and  has  been  used  in  making  river  height 
iervations  since  January  28, 1002,  the  date  upon  which  the  observa- 
ns  were  ]>egun.  The  river  at  this  point  in  lower  portion  of  Iron 
nyon,  4  miles  al)Ove  Red  Bluff,  has  a  direct  course  for  2  or  3  miles. 
e  width  between  banks  at  low  water  is  about  500  feet.  The  depth 
water  at  low  stages  averages  0  feet  with  a  maximum  depth  of  0  feet. 
e  banks  are  steep  and  firm.  The  river  flows  in  a  bed  of  coarse 
ivel  and  cobbles  with  here  and  there  a  small  bowlder.     The  bed 
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{W 


roek  its  lava.  Discharge  nifasiin^tiuMitsj  an.^  iiiado  from  a  cables 
feet  long,  which  In  anchored  in  the  lava  roek  that  ffiruiB  tht*  wa! 
the  canyon,  The  obHorver  at  Jelljs  Ferry  was  A.  A.  St^ruiaon; 
Iron  OaJiyon,  F.  A,  Wileox. 

I'kiitii   iHHi*'   hi'^Ujht,  in  fert.  *ff  Stit^ntmrtito    Rivt*r   at   JrflffH   Kerry ^   near 


Vh^j. 


J»ii. 


Fteb. 


U»r, 


Apt,      Mmj. 


Ji 


ItXL 


Hi*w-t-i.  *-.T*fl*'-'r— 


-'r*  *  » ■»*•  ■  99*  i  •  •  *T*«t'  ♦  •  »  *^f ■--»-•.»♦#«  t%  m 


m „-. ,.,.-.:„-—,„. 

PHfl»«»tf  ti-   <    '  -  -  ■•  m  v^***  »*  •'4«4 '■-•«••  VrV'4 


ff" 


so. 
a. 


ii.. 

ft,. 


31, 


at 
an 

A.  5 
5-5 

^^ 
ft.  5 


^& 

5.8 

mo 
ai.s 

i»,a 

IT.  5 
IT.l 


R.fi 


me 

n.n 

13,  a 
lit 
irft 

19.0 

K.r» 
mi 

11.1 

Ilk.U 

mrt 
lu.t 
ma 
«.« 

9.6 
(K4 

ao 


«,i 

».T 
Hi 
10«« 

IS.  a 
II.  & 

iiji 

10. » 

law 
iu,« 
iQ.a 
i(», » 
n.a 

Jl.O 

in.i 

11).  T 
UK  4 


ILI 

(L» 

a,  7 
tt,4 

11. a 

ILl 

ukt 
ma 

9  9 

in.  a 
n.7 

ILl 

in.Q 

IH.i! 
fl.7 
0.4 
M,l 

».n 

».l 
«.1 

K4 


SAN   FBAirCIflOO   BAT   DRAINAOE   BASIN. 


139 


Rating  table  for  Sacramento  River  at  Jellys  Ferry,  CaL^for  J90J 


I 


!  height. 


jDiachArge. 


Feet.      Second-feet. 


!     4.0 
4.2 

4.4 
4.6 

'     4.8 


2,400 
2,670 
2,970    I 
3,290     I 
3,630     : 


5.0  3,980 

5.2  4,360 
5.4  4,760 
5.6  5,170     I 
5.8  5,590 
6.0  i       6,030 

6.3  !       6,500 

6.4  7,000 
6.6  I       7,530 


hei^t. 

DiMcharire. 

Feet. 

Second-feet. 

22.0 

76,800 

28.0 

83,400 

:     24.0 

90,000 

25.0 

96,600 

,     26.0 

103,200 

27.0 

109, 800 

28.0 
29.0 
30.0 
31.0 
32.0 
33.0 
34.0 
35. 0 


;  116,400 

j  123,000 

;  129,600 

:  136,200 

I  142,800 

i  149,400 

I  156,000 

!  162,600 


Estimated  numtlUy  disteharge  of  Sacramento  River  at  Jetty h  Ferry,  near  Red 

Bluff,  CaL 

[Drainat^  area,  9,134  nquare  miles.] 


Diflcharge  in  necond-fet^t. 

Run-off. 

Month. 

Minimum. 

Mt«aii. 

Total  in 
acre-feet. 

Second-feet 
•pQT  souare 

Depth  in 
inches. 

1902. 

1 
1 

January 

6, 750 

4,  760 

5, 376 

330, 557 

0.59  1         0.68 

''ebrnary  ...   

147,420 

4,965 

69, 423 

3, 855, 558 

7.60           7.91 

^an-h 

76,160 

14,300 

31,213 

1,919,213 

3.42           3.94 

^pril            

54,070 

14,300 

22,  OW 

1,314,803 

2.42 

2.70 

lay... 

25,600 

12,800 

17,453 

1,073,143 

1.91 

2.20 

\]XH\_ 

12,500 

(),  030 

8,  758 

521,137 

.96 

1.07 

w 


8TEEAM   THKABUH^MEKTR    TW  1S02,  FART   TV.  [« 

Discimrgt*  meMmirrment&  of  Sacramento  Rh^r  at  Iron  CntiTij^crM,  «ear  RM  Bluff,  Cmi,^ 


Dttt^. 


IMl, 


Harcb  :i, .... 

Muy  10 _-. 

September  IS.... 
De<'.€(mlie^r  31 


Hjrdrngrmpliipr. 


a.  Q.  Bennett 


l^U    ^^^^^ 


1.03 


do       . , __..        1.S5 

Wm.  FpLniiiiig_. I    3).  60 

S.G.  Bennett...-. '    lO.ttO 


do  ...... 

a  A.  MiHer., 
3.  G.  Beimett. 


5.50 

8.  da 


4L5T0 

4,435 

9.^ 


Oailfi  WHf^  height ^  in  feet,  iff  Sacra ftif^nl^o  Ritu**'  at    Iran  Oaufft/n,  iu^ar  Hud 

Bluff,  VnL 


Dfty. 


vm. 


J«ii, 


Fi»b. 


i.a 

1.3 

L3 


i.n 

1.3 

L3 

4.« 

n.4 

SS.T 
£).(! 
U.i 
U.S 
lT.fi 

in.fi 
tao 

11.0 

mi) 

13.  S 

u.n 
H.n 

S4.1 
14.0 


Mat. 


u.o 
a  4 

ao 
us 

mo 

10.0 

7.5; 

a.H 
n.i£ ! 
a.o 
0j) 
u.o 

fi.T! 
5.a 

5.1 
fi.O  ' 

tr  I 
i.h  [ 

4.4 

4.8 
4.2 
4.5! 


Apr. 


4.  A 
4.« 

4.^ 
6.A 
tt.O 
IS.  7 
11. Q 
&.T 

Le 
a.  7 

ft.  I* 

5.N 

5.9 
tt.3 

5.5 
5.5 
5.4 
5.0 
5.1 
5.0 
5l0 

fi.n 

4.5 
5.» 


Ma^.  Jtiii4»H 


fi.O 

e.o 

5.0 
4.8 
4.7 

a.3 

5.U 
5.rt 
6,4 
5,» 
6.2 
«.T 
H.H 
6.7 
fl.5 
5.5 
IB 
|.rt 
4.^ 

i,n 

H.O 
4.4 
4.4 
4.4 
4.3t 
4.3 
4.S 
4.£ 
4.3 


4.ft 
4.0 
4.0 
!i5 

a.s 

3.K 
3.2 

».l^ 

ail 
.l.ir 
ao 
an 

3.R 

ase 
aft 

3.0 

s.» 

a,  7 

IT) 

S.4 

2.S 
^,0 
l.» 


J^r^ 


\ 


i.« 
1.T 
l.fl 
l.ft 
LB 
tft 
\Ji 

L.n 
i.fl 
i.ft 

1.6 

La 

Ui 
Lfl 
LH 
1.5 

1.5 
1.5 
1.5 
1.4 
1.4 
1.4 
1.4 
1-4 
1.4 
1.4 
L4 
L4 
14 
I A 


Aiag. 


h 

I. 

I. 

1. 

1. 

1. 

1.3 

].H 

l.B 

l.R 

1.3 

I.a 

J. 3 
1>3 
LSI 
1.3 

La 
hn 
I.a 

LS 

I.  a 

1.3 

La 

L^ 
LS 
LS 

Li 

Lg 

l;* 


Nirt, 

Ortt. 

■    '-^ 

1.1 

!*<» 

1.11 

LO 

La 

L0 

LO 

1.0 

LU 

LU 

LO 

LO 

1,0 

LO 

LO 

1.0 

LO 

LO 

LO 

LO 

1.0 

LO 

LO 

LO 

LO 

LQ 

1.0 

LO 

LO 

IJI 

Lo 

LO 

LO 

LO 

LO 

LO 

1.0 

LO 

1.0 

LO 

i.n 

LO 

LU 

LT 

LO 

LT 

1.0 

S.5 

LU 

3L4 

LO 

£.5 

LO 

LW 

LU 

ao 

LO 

LT 

LO 

LT 

1.7 

JJToY. 


'Buc. 


LI 

La 

LI 

L4 

L3 
LS 

L« 

I7.fi 
£L4 

afi 

6.ft' 

5.0 

5.3 

5.6 

«.0 

a  7 

6.8 
5.n' 

5.0  j 

4.6 

4.0 

a^%  j 
a  4 

3.0  I 

aa 

1.7  : 
3.« 


£.§ 

ao 
so 

6.6 

S.0 
Ul.l^ 
(1.0 

-» 

7,5 
i.fi 
4.» 
4.j 
4.1 
IK 

a« 

;tl 

m 

u 
tl 

LI 
il 
1.1 


ntiu.] 
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Bating  table  for  Sacramento  River  at  Iron  Canyon,  near  Red  Bluff,  Col. ,  for  lOOS, 


^. 

Dificharge. 

Oacre 
height. 

IMflchfirge. 

Oaee 
height. 

Feet. 

Dischargo. 
Secoful-feet. 

Gaffe 
height. 

Diflchargo. 

Ffft 

Second-feet. , 

Feet. 

Second-feet. 

;      Feet. 

Se€(tnd-feet. 

1.0 

5,000 

5.0 

17,100 

9.0 

34,300 

!     13.0 

55,600 

1.2 

5,440     ; 

5.2 

17,900 

9.2 

35,260 

1     13.2 

56,800 

1.4 

5,880    1 

5.4 

18,700 

9.4 

36,220 

1     13.4 

58,000 

1,6 

6,340    1 

5.6 

19,500 

9.6 

37,180 

i     13.6 

59,220 

1.8 

6,820    1 

5.8 

20,300 

9.8 

38,140 

:     13.8 

60,460 

2.0 

7,300 

6.0 

21,100 

10.0 

39,100 

1    14.0 

61,700 

2.2 

7,840 

6.2 

21,940 

10.2 

40,100 

i    14.5 

64,900 

2.4 

8,380 

6.4 

22, 780 

10.4 

41,100 

:     15.0 

68,200    1 

2.6 

8,950 

6.6 

23,620 

:     10.6 

42,120 

:     15.5 

71,600 

'     2.8 

9,550 

6.8 

24,460 

i     10.8 

43,160 

16.0 

75, 100 

1    3.0 

10,150 

7.0 

25,300 

;     11.0 

44,200 

;     16. 5 

78,600 

.    8.2 

10,790    1 

7.2 

26, 180 

11.2 

4'),  280 

;     17.0 

82,200 

1    3.4 

11,430 

7.4 

27,060 

11.4 

46, 360 

1     18.0 

89,700 

3.6 

12,090 

7.6 

27,940 

;     11.6 

47,460 

'     19.0 

97, 600 

3.8 

12,770 

7.8 

28,820 

11.8 

48, 580 

20.0 

105,900 

1   ^0 

13,450 

8.0 

29,700 

12.0 

49,700 

21.0 

114,600 

,     ^-2 

14, 150 

8.2 

30,020 

12.2 

50, 860 

:     22.0 

123,700 

,     -^.4 

14,850 

8.4 

31,540 

;     12.4 

52,020 

1     23.0 

133,200 

4.6 

15,580 

8.6 

32,460 

12.6 

53,200 

j    24.0 

143,  KK) 

1    4.8 

16,840 

8.8 

33,380 

12.8 

54,400 

1    25.0 

153, 400 

'X/jmaferf  niontMy  dischnrge  of  Sacramento  RitH'r  at  Iron  Canyon,  near  Red 

Bluff,  Cat. 

[Drainage  area,  9,:^  square  miles.] 


Month. 


Discharge  in  secf>nd-feet. 


Maximum.    Minimum. 


1902. 

tiiiaiy  ^ 

bmary  

irch 

>ril 

^y 

ne 

ly-  — 

gust  --.- 

)tember 

tober 

vember 

member  _- 

The  vear 


6, 

151, 

61, 

53, 

24, 

13, 

7, 

5, 

5, 

11, 

118, 

39, 


750 
320 
700 
800 
460 
450 
060 
880 
220 
750 
200 
100 


4,760 

5, 660 

14, 150 

14, 150 

10, 150 

7,060 

5,880 

5,440 

5,000 

5,000 

5,660 

8,110 


Total  in 
acre-feet. 


Mean. 


Run-<)flP. 


^     mchea. 


per  RQua] 
mile. 


i 


5, 376 

09, 154 

27,371 

21,992 

17,803 

9,998 

6,192 

5,674 

5, 007 

5, 931 

19,707 

17,506 


151,320 


4,760     17,648 


330, 557 
3,840,619 


, 682, 977 
,308,615 
, 094, 664 
594, 922 
380, 731 
348,881 
297, 937 
364, 683 
176,218 
076,402 


12,497,206 


0.59 

7.44 

2.94 

2.37 

1.92 

1.08 

.67 

.61 

.54 

.64 

2.13 

1.88 

1.90 


0.68 

7.75 

3.30 

2.64 

2.21 

1.20 

.77 

.70 

.60 

.74 

2.38 

2.17 

25.23 


"Diacbargo  at  Jelly 8  Ferry  for  January. 


1.42  STREAM    MliABUKEMENTS    m    1W2,  PAHT  IV,  imj 


TVaiAJMSK   HIVKK   AT   LAOHAHOE,  CAL. 


■  The  »t«tion,  i^»Uiblbht*d  August  29,  1896,  m  loi'al'ed  at  t.lie  wngf 
briflgt*  iti  f  he  town  of  Lngrnii|ifi%  Cfil.  Tt  is  h**low  tlit*  hi|ih  dam  of  t1 
TurU)f.*k  ntitl  .^lodesto  irrigation  districLs  ami  a\}<u  Ik.^Iow  tlu^  ln.^inl 
tlie  crnuU  of  tlie  Lagrange  Dit-cli  and  Hydraulic  Mining  Compati 
which  diverts  wator  from  the  left  bank  of  tht^  river  15  mi  lew  »bo 
Lagrange  danu  The  flow  tlirotigh  this  canal  for  l^Ki2  wa^  het^wei 
^A  and  5  cubic  fi*ct  per  second. 

Tho  channel  at  the  gaging  t^tation,  both  al>ovc  and  l>elo>vthebri(l^ 

straight  for  (several  hundred  feet  and  the  velocity  of  the  stream 

[quite  uniform,     JJoth  bankn  aiv  high  and  not  sub.iect  to  overflo 

f'or  the  last  few  years  the  channel  seems  to  l>e  grad  iially  washing  oi 

to  obNerver  is  Annie  P.  McGinn* 

During  11*02  the  following  discharge  measuremeiitB  were  made  1 
(i,  Bennett  and  h.  M,  Lawson: 

Hi*n;h  fl:  Seeoad-fwjt 

Gage  height.  6.(K>  f^t;  dlechargd ... --...., _  2,051 

Ttirlwfc  Canal- ,,,. ,„ 108 

Liigrange  Dit«eh  and  Hydraulic  Mining  Company^ a  canal . .         5 

TotftL..... .._ 2,46M 

May  18: 

Gage  height.  8.35  feet;  dist^harge 9, 476 

Tnrlock  Canal 253 

Lagrange  Ditch  and  Hydraulic  Mining  Company's  canal..  5 

Total _.. 9,734 

August  27: 

Gage  height,  3.50  feet;  discharge 15 

Tnrlock  Canal 105 

Lagrange  Ditch  and  Hydraulic  Mining  Company's  canal.  _  4 

Total -. 124 
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Daily  fffige  height ^  in  feet,  of  Tiiolumne  Rivt^r  at  Txigrange,  Cal. 


mf. 


J^. 


4.4 

&.1 

4.0 
4,5 
4.4 
4,5 
4,T 
4.fl 
4.5 
4.5 
4.5 
4.5 
4.4 


Fflh. 


i.4 
44 
4.4 
4.4 
4.4 
4.fl 
4.4 
4,4 
4.0 
4.fl 
4.  ft 
4.S 
4,fl 
4.8 
5.0 
5.fi 


Mar.  Apr. 


ALT  ' 
0.5  I 

5. »  ' 
5.9  I 

5.8  I 

6.3 ; 

7.4  i 
A.6  J 
6.1  ' 
6.1  I 
6.0  I 


5.9 


I      7 


Mmr- 


Jiiii», 


r.n 

7.4 


July.' Aug.' Sopt. 


I 


7.T 

7.1  I 

7.4  I 

7.7  , 


8.1  I 


4.4 

f    5.5 

5.T 

7.4 

4.4  '    6.4 

5.R 

T.H 

4.4      5.4 

5  7 

T.« 

A.^  .    5.3 

fi.5 

».. 

4.4      Ti,t 

5.5 

n.n 

4.a 

4,8 

5.7 
5.  a 

5,5 
5.7 

7.8 
7,8 

4.11 
4,1 
4.5 
4.4 

5.» 
«.4 

7.t 

5.7 
5.5 
fi.5 
5.4 

5.ft 

4.4 

T.tt 

5.5 
5.T 

fllO 
5.1 

4.4r 

5,7 

8,6 

4.3 

5.4 

""" 

8.4 
8.4 
8.3 
8.0 


7.3  I 

T..| 

7.5 

7.5 

7.2 

6.6 

6.2 

6.1 

6.3 

6.8 

7.1 

8.0 

8.5 

8.9 

8.6 

8.8 

8.9 


8.0  I 
8.9; 
8.7 
8.4  ' 
8.6  , 
8.5 
8.0 
7.8  I 

7.7 ; 

7.6 
7.3 
7.4 
7.5 
7.6 
7.5 
7.5 
7.3 
7.1 
7.0 
6.8 
6.4 
6.4 
6.4 


6.2 

6.1  I 
5.9  I 
5.9 
5.5  I 

5.5  \ 
5.3  I 
5.2 
5.3 
5.4 
5.4 
5.3  \ 
5.3 
5.2 
5.1 

5.2  ' 
5.1  ' 
4.9 
4.9 
.5.0 
5.0 
4.9 

4.8; 
4.81 

4.8; 

4.8, 
4.7  i 

4.6  i 
4.7 

4.7  ! 
4.5 


4.4 
4.4  I 
4.2  I 

4.1  ; 

4.0 

3.8 

3.»: 

3.8  I 
4.1 ; 
4.0 
3.8  \ 

4.0  i 

4.1  ; 

4.1  ' 
4.2 

4.1  \ 
4.0  ' 

3.9  \ 
3.9  I 

3.8 ; 

3.7  I 

8.5; 

3.4 
3.4 
3.5 
3.5 
3.5 

3.4  ! 

3.3 ; 

3.5  I 
3.4  1 


Oet. 


3.5 
iJ> 
it 
4.(1 
iA\ 
Ui 
4,n 
a« 
3,9 

a,t» 

4.0 
4.0 
3.9 
4.0  ^ 
4.0  I 
3.9  j 
4.0  I 
3.9  I 
3.9  I 
4.0  1 
4.0  I 
3.9  I 
3.8 
3.9 
3.8 
3.8 
3.8 
3.8 
3.7  1 
3.7! 


JIT 

^7 

«.T 
%t 

afl 

aa 
3.7 
3.7 
3.7 
3.  ft 

3.« 
3.6 
3.« 

3.5 
3.5 

a7 

i.^ 

4.5 
4.fl 

4.5  i 
4.6,, 


Ncy*'. 


4,4 
1.4 
4.4 
4.3 
4.S 
4.4 
4.4 
4.3 
4.4 
5.» 

e.v 

5« 
5.0 

5.t 
4.9 
4.» 

4.T 
4.H 
4.S 
5.l» 
4.|» 
4.9 
18 

4.e 

4.9 
18 
4.f^ 
4.8 
4.9 
4.H 


Rating  table  for  Tuolumnr  River  at  Litgrange,  Cal.  ^  for  VJ02. 


D«. 


4.« 
4.5 
4.5 
4.5 

4,R 

h.t 

5.8 
h.\ 
5.1 
5.0 
5.1 
5vlt 
5.5 
5.4 
5,8 
5.1 
5.0 
4.9 
4.9 
i.% 
4.7 
4.S 
4.9 
4.9 
19 
5.0 
5.0 
4.9 
4.9 
4.8 
4.8 


I  Discharge. 


Secnnd-feet. 

7 
25 
5/> 
llo 
200 
800 
410 
560 


Gage 

height. 

Feet. 
5.  0 
5.  2 
5.4 
5.() 
5.  8 
0.0 
0.  2 
0.  4 


Diflchargo. 

Sernnd-f^-rt. 
750 
050 
1,1.S0 
1,480 
1,850 
2,  200 
2,000 
:i  140 


(4^age 

height. 


Diwharge. 


Gage 
height. 


Fr,'f.      \  Sen mfl -feet.        Feet. 


0.0 

0.8 
7.0 
7.2 
7.4 
7.0 
7.8 
8.0 


8,010 
4,100 

4,  080 

5.  200 
5,810 
0,450 
7,120 
7,  880 


8.2 
8.4 
8.0 
8.8 
0.0 
0.2 
9.4 


Discharge. 
Seco}id-feet.\ 

8, 580 
9, 850 
10.140 
10,950 
11,780 
12,630 
18, 500 
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STEEAM   MEASITHEHKNTB    IN    IM(»2,  PART   iV. 


TlTRt.Ot?K   CAKAL 


IwlI 


The  Tnrlock  catial,  the  property  of  the  Turlock  Irrigation  Distriet, 
takeB  WHler  from  the  left  bfttik  of  the  Tuolumne  River  at  the  Lagranfje 
dam.  This  canal  was  doaigued  to  earry  l,5fM)  second- feet  and  t^  i?ri* 
gaU*  a  large  area  of  fertile  hmd  in  the  vicinity  of  Turltjck  and  i.'^n^ 
StuniHlau8  County,  Cal.  During  1898  water  was  first  tnmed  inlathe 
canal  in  sin  all  quantitief^  and  used  fcM-  puddling  the  banks,  A  re<Hml 
of  the  |?age  height  ban  IxH^n  kepi  since  July,  IHilM.  Meter  in eJi-^im*- 
menta  are  made  when  the  gfti^ii^g  station  on  Tuolunine  Biver  &i 
Lagrange  ib  visited,  and  Morgan  flume,  or  flume  No*  2,  has  been  rated. 
The  obi*orver  is  J.  L.  Montgomery. 

tBu ring  190:?  llie  following  discharge  meaHUi*emmit»  were  made  by 
G.  Ilennett  and  L.  M.  Lawson: 


May  IB:  0aKe  height,  -2M2  fepti  (iisH^Jmrgt:^,  253  seccwid-feet, 
July  ^k  Gag*f  hrtgbt»  li.lWl  ft*t*t;  iltHehiirge,  tJ60  s*?cfmd-fi*t?t. 
Ang.  27i  Qage  height^  2.*HJ  f*!i*t;  discJiairge*  U>.j  st*(30iid'feet. 

LkAii^  gtiQv  /*^iffAI,  infe^it  of  TurifKk  o($nal  nt  Lagrange,  0(U^ 


Dfcy. 


a..-- -  -  - 

f^ .,..,-„. 

UK-..,.. 

H— .-.. — 

la^-^ .-- -^ 

!!,,.,.„..„,-„. 

U.., „.,,., 

Ml _..-. 

If— - 

Ul,„__„._  __.__ 
I»- 


vm. 


Mar. 


£") 


I 


tn 
in 

u,  (} 

^4 

lA 

s.a 

a.  8 

ai 
at 

a  J 
».i 
at 
ai 
ai 
at 
a  I 

ao 
ai 
a0 


Airr. 


a.1 

at 
ai 
ai 

a£ 

:i!J 
as 

MS 

ait 
as 

ai>! 

ai 
a*  I 

ai] 
ari 
as 
afi 

0,0 

an 


u^r^ 


an 
IIJ1 
a^( 
ait 
ai 
a  5 
Hji 
:*,ri 

:ifi 
MS 
a  5 
no 

ai^ 
an 
a*i 
as 
a«) 

an  I 
an ' 
an  ' 
an 
an 
an 
a  a 

10 

an 
a  A 
an 


Jttxke. 


at 
aT 
aT 
a; 
ai 
a: 
a; 
a  7 
a  7 
a  7 
a  7 
ar 
ar 
a: 
:i7 
a? 
ar 
a: 
a? 
av 
a? 
a« 

aw 
a« 

an 
a  a 

an 
as 


J&Iy. 


a* 
as 
a» 
af^ 
aa 
a« 
a« 
i.a 

i.n 
to 

a£ 
aT 

au 
as 
as 
a« 
an 
as 
ae 
aft 
a5 
a  a 
an 
ao 
a  a ' 


AiBSfJ 


AiBSf.     Bfipt 


I 

ai) 
&i 

at 
ar 
at 
aji 
at 
a« 
av 
ag 

i.O 
4.(1 
4,0. 

ad 
a  8 
a«i 
ai 

4JI 

as 
as 
a7 
ae 
ai 

15 

as 

as 
ar 
at 

ast. 
as  >. 


-- 


a  No  record  Jan.  1  to  Mar.  6. 


ft  Sept.  2  to  Dec.  31  no  \vat<ir  in  canal;  nmkin>jr  repairs. 


«*^1  SAN  FBAN0I80O   BAY   BBAINAGE   BASIK. 

Rating  table  for  Turlock  canal  at  Lagrange,  Cah.for  1002, 
MABGH  7  TO  JULY  81. 
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^^^    DfachMge., 

h^l^ 

Diaclutrge. 

Oaffe 
height. 

I 
Discharge. 

Gage 
height. 

Discharge. 

IWf. 

Sccond-/eei. 

Fwi. 

Second-feet. 

Feet. 

1 
Second-feet. 

Feet. 

Seconti-feet. 

2.0 

113 

2.5 

182 

3.0 

268     ' 

3.5 

360 

2.1 

125 

2.6 

198 

3.1 

286    1 

3.6 

380 

2.2 

138  : 

2.7 

215 

3.2 

304 

3.7 

400 

2.3 

152    ' 

2.8 

232 

3.3 

322 

3.8 

420 

2.4 

166    ! 

2.9 

250 

3.4 

340 

4.0 

460 

APPROXIMATE  TABLE  FOB  AUGUST. 


1 
2.6    1 

105 

3.0 

175 

3.4 

247 

3.8 

327 

-•"! 

122 

3.1 

193 

3.5 

267 

3.9 

347 

2.8 

139 

3.2 

211 

3.6 

287 

4.0 

367 

2.9 

1 

157 

3.3 

229 

3.7 

307 

Estimated  monthly  dutcharge  of  Tuolumne  River  at  Lagrange,  Cal. 
[Drainage  area,  1,501  square  miles.] 


Month. 


1902, 

touary 

Jbrnary 

arch 

)ril.. 

iy - 

ne 

ly 

igust 

?tember 

tober 

•vember 

cember 

The  year 


Discharge  in  second-feet. 


a50 

6,780 

5,810 

12,630 

11,360 

11,360 

2,690 

300 

200 

560 

2,690 

2,690 


12,630 


2,022 


IRR  85—03- 


-10 


14fl  STEEAM  MEASUKEMllNTS   IN   Wm,  FART   I\% 

Kstlm<itetl  mtmthljf  digt^hnrge  of  T^irtock  ntnai  at  Lagrfingt^,  Cat. 


Mritttll. 


twu. 


\ 


Mitroh  .  *. . 

Aptil 

May  ...... 

Atigtist  *.> 

October  . . . 
Kovember . 

December 


-  ,  *^m  •*i^»4%'^*   1 


The  y^mr . 


DlMsIui^fCti  ta  secQiid^ttft. 


Muzimum.    MLttSmomL     ItfikJ 


0 

0 

388 

400 

4«0 

367 

47 

0 

0 


4«0 


0 
0 
& 
0 
0 
400 
315 

0 
0 
0 

a 


m] 


Estinmted  manthly  tHnnMnt*ii  dm^hnr^jt*  of  Titohtmtir  Hivtr  and.  Turloek  aiHoStit^i 

iMgraiitjr,  (ML 
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MERCED  RIVER  ABOVE  MERCED  FALLS,  CAL. 

aieasurement  of  this  stream  was  undertaken  in  i-esponse  to 
us  requests  from  mining  and  irrigation  interests.  The  mid- 
r  flow  of  the  stream  is  less  than  the  combined  capacity  of  the 
^n  and  power  canals  taking  water  in  the  vicinity  of  Snelling. 
ging  station  at  a  point  1  mile  above  Merced  Falls  was  ostab- 
Vpril  6,  1901.  Meter  measurements  are  made  from  a  cable, 
server  is  Charles  Siegfeldt. 

ng  1902  the  following  discharge  measurements  were  made  by 
►ennett  and  L.  M.  Lawson : 

arch  6:  Gage  height,  10.10  feet;  discharge,  1,302  second-feet. 
ay  13:  Gage  height,  12.15  feet;  discharge,  5,413  second-feet, 
ptember  3:  Gage  height,  8.10  feet;  discharge,  109  second-feet. 

^lily  gage  height,  in  feet,  of  Merced  River  above  Merced  Falls,  Cal. 
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Eatiftg  titbtefor  Merced  Hivtr  tdtov€  Meremi  FHlh^  VaL^for  JSfitf. 


Dlaoli*r«@. 

tiM^t. 

IMflPbAT^. 

DlKharf 

J\B«f. 

&ecwul-/Hft. 

/Vrt. 

J%ei. 

SHsoHd-fffmt. 

Fixi. 

Seamd-ft 

7.8 

65 

a& 

330 

10,0 

1.110 

11,2 

2,m 

7.9 

75 

9.0 

300 

10.1 

1,220 

11,4 

^,m 

i.o 

00 

B.l 

410 

10.2 

1,340     1 

11, e 

3,5«C 

8.1 

110 

0.3 

460 

10,3 

i,470 

11, a 

4M 

S.S 

1^) 

y.a 

im 

10,4 

i.eoo 

13.0 

Km 

8.  It 

IISO 

9.i 
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10,0 

1,740 

13.3 

4,m 

8.4 

170 

d.fs 

«00 

10,  e 

1,880 

13.4 

5,4a( 

8,15 

195 

9.fl 

780 

10.7 

2,030 

13.0 

&,m 

8.e 

220 

0.7 

810 

10.8 

3,180 

12.8 

^,m 

8,7 

JJ50 

9.8 

900 

10.9 

2,S40 

8.d 

230 

9*9 

1,000 

11.0 

2,500 

JCatiftiaieil  monlhly  di^ahargc  of  Merced  River  abam  Merc^  Frtfls,  Cal 


Hontli. 


Dliutuu^  in  aeound-feeft. 


MftittmiUQa^ 


Mlnimuui. 


Mrwii . 


Tolmtin 


per  eqtl»r? 


HntHiff- 


iDCl 


1902, 

January  .  _ . .  ^ 

Febrimry  .     ^. 

Uart^h  ... -*-,. 

April  ..,.,„..,.. 

May .,.-,-, 

Jim©---- ,,^ 

Jtay  ..-..-_  —  _.- 

Atigast  ._ 

September  ... 

October...... 

November. _.. 

December  ....    . , . . 

The  year .... 


6,240 


195 

170 

400 

730 

2jyO 

1.230 

280 

110 

65 

m 
m 

19G 
05 


749 
l,:if)4 
2,437 
n,  7S>5 
:i,  142 

481 

nil 

ss 
m 

24li 
1,005 


14,  511 

41,597 

m,  869 

140,302 

233,345 

1  HO.  002 

29,r>7« 

1U744 

5,23« 

5,  534 

u,  ms 

1H,031 
791.^45 


0.22  I 

.09 
1.25 
2.25 
S.48 
3,88 

.44 

.18 

.06 

,08 

.33 

.38 

1,01 
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KINO  RIVER  AT  KING8BURG,   CAL. 

)  station  was  established  in  1879  by  the  engineering  department 
)  Southern  Pacific  Company.  No  meter  measurements  have 
Dade  since  1898  except  a  low- water  measurement  in  1902,  because 

found  impossible  to  construct  a  satisfactory  rating  table,  on 
at  of  the  changes  in  gage  heights  caused  by  the  raising  and 
ing  of  the  head  gate  of  the  Peoples  Canal,  which  takes  water 
King  River  a  few  miles  below  the  gaging  station.  The  gage 
ts  for  1902  have  been  furnished  by  William  Hood,  chief  engineer 

Southern  Pacific  Company.     Alf .  Thompson  was  the  observer. 

Daily  gage  height^  in  feet,  of  King  River,  at  Kingshurg,  CaL 
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Apr; 

Mmy. 

June. 

jQir. 

Aug. 

Sept 

Oct. 

La 

L7 
L7 
L7 

ao 
as 
ail 
aa 
a^ 
as 

6.3 
4.0 

4.S 
4.0 
4.S 

4.  a 

4.0 
4.5 

4.9 
5.1 
4.K 
4.4* 
4.H 
4.S 
4.7 
4.7 
4.B 
4.7 
4.7 

Ik*. 

19UL 

as 

as 
4.4; 

Li\ 

LB 

i.S 

la 

as 

&s 
aa 

a? 
a4 

a  4 
a4 

as 

a« 

as 
aa 
aa 
a4 
as 
as 
a4 
a4 
a  4 

as 
as 
as 
a4 
a4 
a4 
as 
aa 
ar 
a« 
a& 
as 
au 
ar 
as 
aa 
aa 
a7 
at 
ae 
an 
a? 
a» 
as 
5.e 
ai 

ai 

4.9 

as 

a  a 

4.S 

as 

ai 

4.S 

4.3 

ao 
4je 

S8 
4.3 
4.£ 

aa 
a» 
as 

At 
4,3 

as 
ar 
ai 
afi 
as 
ati 

9.3 

as 
aa 
ail 

4.0 

4.1 

4.B 

a  8 
aa 
aa 
a  a 
a  A 
a  a 
ae 

4.  ft 
4.1 

a  a 
ar 
as 
4.  a 

4.1 
4.fi 
^,S 
A.£ 

5.S 

ai 

ai 
a  8 
a  3 
as 
a  7 
2.  a 
£.a 
a  a 

aa 
aa 

as 
a  7 
as 

4.: 

4.J^ 

ai 

T.7 
7-8 

8.  a 

7.9 

a  a 
a  9 

7.9 

a  I 
as 
4.  a 
4,  a 

4.4 

4.S 

ai 
a^ 

7,0 

as 
aa 

T.5 

aT 
ai 

X3 

a  4 
ar> 
a  a 
a  4 
as 
a  a 
a  6 

0.S 

as 

7.7 
T.fi 
7.0 

a^ 
aii 
a7 
a7 
a5 

s.a 

5.8 

ai 

4.£ 

as 
a  St 

aa 
a.* 

at 
a  a 

ao 

l.S 

ar 

S.S 

aa 

4.1 
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^  KIKG  RIVBR  AT  RED  MOUNTAIN^  NEAR  SAKGEH^  CAL, 

The  Imaging  station  at  Red  Mouut^ain^  estabUshocl  September  3, 1^95, 
fa  located  15  miles  east  of  Hanger,  Cal.,  and  Is  near  ihe  mouth  of  the 
fianyon  and  alx)ve  all  diversicms.  The  bed  of  thy  slreAiu  ih  in  i^mvel 
and  few  r^haugeM  have  l>een  noted  in  the  «*rui^,s  seetion  Binee  the  mUxU- 
1  i Hh  n I  e n t  of  th e  sta t i  o n ,  For  the  las 1 1 h  i^ee  yea i*8  th e  stiit i on  ha8  bet*n 
eon^idered  as  rated  for  all  gage  heiglit^  up  to  11  feet,  and  few  iiiot^r 
tneaHurenient^  have  lK*en  made.  The  present  rating  will  urotmbly 
hold  good  until  a  change  in  th**  channel  is  euused  by  a  violent  ftciod, 
nie  observer  ia  O.  CI,  Willtanm. 

n^ie  fiiUowing  discharge  niea8urement  was  ni»de  in  1902  by  L  >l 
I^awHon : 


It: 


Bepteiitber  2h  Gag^  height,  4. Of)  feet;  disbar urt^  '3 17  seGond- 
'H^  yttgf  h fight,  tu/**l»  of  King  Hiver  at  iSeri  Mounimn,  near 
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g  table  for  King  River  at  Red  Mountain,  near  Sanger,  Cal,,for  190S. 


Discharge. 

1  height. 

Second- feet. 

1 

Feet. 

1,310 

\      8.0 

1,450 

8.2 

1,642 

8.4 

1,834 

1      8.6 

2,034 

[       8.8 

2,242 

I      9.0 
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9.2 

2,718 

1      9.4 

2,986 

9.6 
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1      9.8 

3,600 

10.0 

• 

Discharge,  i 

heiSEt. 

Second-feet  J 

Feet. 

3,920  ; 

10.2 
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10.4 
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10.6 

5,096     j 

10.8 

5,548    ! 

11.0 

6,000     1 

11.2 

6,520  ; 

11.4 

7,040    1 

11.6 

7.600 

11.8 

8,220 

12.0 

8,900 

Discharge. 

Second-feet. 
9,610 
10,400 
11,300 
12,250 
13,240 
14,300 
15,440 
16,660 
17, 930 
19,230 


d  monthly  discharge  of  King  River  at  Red  Mountain,  near  Sanger,  Cal 
[Drainage  area,  1.742  square  miloH.] 


Discharge  in  second-feet. 

Total  in 
acre-feet. 

Rim-oflf. 

Umth. 

Maximnxn. 

Minimum. 

Mean. 

Recond-feet 
per^sguare 

Depth  in 
inches. 

m. 

520 

2,852 

4,490 

26,380 

13,760 

13,240 

3,600 

910 

360 

520 

1,170 

1,040 

360 

360 

1,040 

1,450 

3, 440 

3.  760 

1,040 

320 

250 

215 

250 

400 

215 

440 

665 

1,420 

4,163 

6, 532 

8,063 

1,638 

626 

304 

265 

451 

497 

27,055 

36,932 

87,312 

247.716 

401,637 

479, 782 

100,717 

38,491 

18,089 

16, 294 

26,836 

30, 559 

0.25 

.38 

.82 

2.39 

3.7fi 

4.63 

.94 

.36 

.17 

.15 

.26 

.29 

1.20 

0.29 
.40 

.95 

2.67 
4.32 

5. 16 

1.08 

.42 

T 

.19 

.17 

r     

.29 

r 

.33 

3  year 

26, 380 

2,089 

1,511,420 

16.27 

TULE   RIVER   NEAR   PORTERSVILLE,    CAL. 

aging  station  is  located  about  8  miles  east  of  Portersville,  at  a 
ist  below  the  wagon  bridge  near  the  McFarland  ranch  and 
mile  above  the  mouth  of  the  South  Fork  oi  T\x\e>  ^\\^v.    TVv^e^ 


STREAM    MJEASUREliENTB   ttf    mi2,   FAST    IV . 


[SKJ.  ft. 


Station  was  estabJifihed  Apnl  18,  190  U  The  gage  rod  is  situated  on 
the  right  bank  of  the  river  1(K>  feet  below  the  bridge.  The  zero  of  tk 
gage  is  8  feet  f:)elow  a  spike  driven  into  a  large  cotton  wood  tree.  Tlw 
observer  is  Adah  McFarlaiid. 

H  Discharge  mvagurmieHt*  of  Tttle  Riv^  near  PortentmUm,  Ctd. 


DB.te. 

' 

1^1 

niKttiifgiv 

twit, 

Jtiiu-:^H 

Febmnry  5   .   *  *  -  _  -  -  ^ . , 

S,  Q,  B«niu?tt    . 

.9i 

IIS 

la 

March 8 -^.-   

do ...,,--.   . 
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May  13                       ... 

,.     .do 

ITl 

Octobers ___________ 

L.  M.  Lawsfm -^.,^-,.^. 

IS 

I>art7^  ^oj^  hm^t^  in  feet^  of  7^e  Mwer  near  Portwr^v^U/^  €ah 


D»y. 


Juih 


Feb. 


l^r 


Apr. 


May  J  June. 


Julj. 


A  01, 


Sept., 


<X^t 


NtnT.iDet 


11... 

A.. 


tJMe. 


i.as 

1.35 

i.a& 
i.aij 
i.m 
urn 
hm 
i.»i 
l:» 
tm 

1.441 

i.ati 
i.as 

1.30 

i.JSi 

1.40 

t^o 

1.35 

1.% 

]  iQ 

1.40 
l.-iO 
1.40 
IM 

1.3& 


1.% 

Lm 

1.4U 
1.40 

i.m 

1.40 
1.4t) 

i.m 

hUfi 

1.% 

h4<» 
1.40 

l.w 

1.40 
1,45 
J.HU 
LBll 
£.(J(I 
1,15 

hm 

1.85 
4.SD 
4.40 
£.70 


9.40 
4.40 
L>.8D 
S.«> 
S.39 

a.  go 

£.30 

aon 
}*.m} 
±m 
i.m 

S.4U 

2.  MO 
IS.UO 

2.m 

2.50 
2,40 

%m 

£J« 

3,00 
3.1(1 
£,00 

s.ao 

2M 


a.  70 

£.tig 
2,70 

i») 

4.00 
«.70 

JI.40 

3.aj 
a.  10 

3,30 
3.^ 
B.4() 
3.  a) 
3.70 

a.ai 
s.no 
aru 
2.m 

i.Hfi 

S.0O 

£,90 
S.fiO 


8.00 

a.  no 

S.80 

±m 
zm 

^.90 
H.OO 
3.(11 
3.10 
3.01) 
3.05 
3.00 
a.  00 
3.0D 
a  00 
:^.a5 


2.m 
s.ao 
a.  70 
g.do 
2.m 
a.  00 

3.5ri 

£,4ij 
:f.3D 

;?.% 

2.dU 
SJ5 

s.io 
a.  10 
s,ao  j  s.re 
t.m  I  3,00 

170  I  1.90 


£.M1 
£.(^ 
2.76 

B.OO 
3.00 

J  Lao 


l.rto 

1,80 
1,75 
LT5 
1.71} 
L70 
1,05 
l.iiO 
l.dO 


1.00 

tse 

1.&6 
1.65 

I. GO 
LSO 
L50 
1.46 
l.W 
1.40 
1.^ 

i.m 

l.W 
1J#J 
1.S5 
L!30 

lao 


tM 
l.W 
1.10 
1,0H 
LIB 
LUTi 
1.05 

Loe 

l.W 

IJJN 

L06 
l,Ofi 

Lon 

l.t)H 
1-06 

i.oe 


i.m  I  i.oi; 
i.ar  I  iM 

L^J  .  h06 
1.30  l.Ott 
1.^1  I  1,0^ 


i.w 
1.15 
i.tg 
1.^ 
i.ao 

3.1^ 
L15 


\ 


I.IK 
1.01 
1,01 

i,(e 

1.02 
LOl 
1,00 
1,00 
1,00 


a  08 

,^ 

.m 
.«* 

.yo 
.«o 
.TO 

.«o 

.»£ 

,aa 
,N 

,U5 

.m 
,yo 

.94 


\ 


.as 

.so 

.90 

.m 
.vfi 
.n 
.m 

i.uo 
i.m 

1,IH 

i,oa 
i.ua 

1.0^ 
1.01) 

.m 

.04 
L70 
1,10 

1.1^ 

l.»0 

i.a» 


i.w 

1,18 

us 

MR 
1.16 
1.15 
M5 
M5 
1.40 
2JI) 
1,711 

i.m 

1.47 

i.io 

i  i.aj| 

I  l-l-iS  I 
1.35  i 
L7I!  I 
1.56  I 
l.AO  I 

L4iJ  I 

1.40  I 

i.m ' 

\/3ft 
1, 3d 

1  05 
1,36 

\ 


tm 

VM 

L« 
l.« 
I.* 
LI 
IS 
iS 
t» 
1.9 
1,0) 
l.lft 
^.^ 
IM 
l.SU 

1.45 
L44 
L43 
l.*i 
1.4!! 
1,41 
}M 
IM 
IM 
1-50 
1.4* 
1.4fi 
1,43 


."WELL.] 
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Rating  table  far  Tule  River  near  Portersvilley  CaL.for  1909, 


Oacre 
heiSht. 

DtochATge. 

h^lgEt. 

Discharge. 

Ga^ 
height. 

Discharge. 

he^t. 

Discharge. 

F.H. 

iecond-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

1 

1     Feet. 

Second-feet. 

0.7 

9 

1.7 

93 

2.7 

298 

3.7 

685 

.8 

11 

1.8 

109 

2.8 

324 

3.8 

770 

1       .9 

U 

1.9 

126 

2.9 

351 

3.9 

875 

1     1.0 

18 

2.0 

144 

3.0 

379 

4.0 

980 

1.1 

23 

2.1 

168 

3.1 

408 

4.1 

1,085 

1.2 

3() 

1      2.2 

1 

183 

3.2 

440 

4.2 

1,195 

1     1.3 

39 

I      2.3 

204 

3.3 

475 

4.3 

1,305 

1     ^'^ 

51 

2.4 

226 

3.4 

515 

4.4 

1,415 

1.5 

64 

2.5 

249 

3.5 

560 

4.5 

1,525 

1.6 

78 

2.6 

273 

3.6 

615 

Estimated  monthly  discharge  of  Tule  River  near  Portersville,  Cal. 
[Drainage  area,  437  square  miles.] 


Month. 


Discharge  in  second-feet. 


Mazlniiun. 


Minimum. 


Mean. 


Total  in  acre- 
feet. 


Run-off. 


Second-feet 

persQuare 

mile. 


Depth  in 
inches. 


1902. 

annary 

ebrnary  ... 

arch 

pril 

»y 

ne  _ - . 


ly 

igust 

ptember 
tober  _ . . 
tvember. 
cember . 


The  year . 


51 

1,415 

2,735 

4,615 

408 

324 

78 

23 

17 

93 

144 

204 

4,615 


84 

45 

144 

249 

273 

78 

2(5 

18 

14 

14 

27 

45 

14 


45 

159 

362 

571 

343 

190 

43 

21 

15 

24 

50 

62 

157 


2,767 

8,830 

22,259 

33,977 

21,090 

11,306 

2,644 

1,291 

893 

1,476 

2,975 

3,812 

113,320 


0.10 


1.31 
.79 
.43 
.10 
.05 
.03 
.05 
.11 
.14 

.36 


0.12 
.87 
.96 

1.46 
.91 
.48 
.12 
.06 
.03 
.06 
.12 
.16 

4.85 


154 


Thifli 


6TftEAM    MKAHUEEME^l^   Uf    1902,  PAITT    fV, 


E£BN  RIVER  NEAK  BAKERSFIELD,  CAL. 


!Tiifl  citation,  oHtubLigbiKi  in  189U  by  Walter  Jones,  chief  en^oeer  of 
the  Kero  County  Larnl  Company,  m  lociited  at  what  m  known  as  Firsi 
Point  of  Measinvment,  5  mtlen  almve  Hakersfi^^ld  and  &t  the  montli 
of  the  canyon  of  the  HvRr.  MiscellaueouH  inet^r  measurements  are 
taken,  and  an  antoinat  ic  gage  n^conls  daily  f1tii.?tuaiiona  of  the  nrer 
hei^htH,  A.  K^  Warren,  this  engineer  la  charge  of  thhs  work  for  the 
Kern  County  Lanti  Company,  atUnidi^  to  the  discharge  measuremetita 
wtih  accuraeyand  precii^kuii  ami  furnisher  the  G^ologiciil  Surrey  wilt 
the  final  renultn. 

Daily  diM^harffe,  in  netotid'/fii »  of  Kem  River  ntfintt  p&ini  of  meatmrement. 


O^- 


'<-^ -#  «  LIJ  J'Ml* 


I-—- - 

f  ^ 

!_..„. 

iu 

; »"- 

1 1'— 

10.. 

If.. 

14- 

W. ^ ^^ I 


J«ii.    Pub.     Hkf,    Apr.     Mar    J^n&W'^J^oly^  AnffJBept  Oct.  .NorJOetL 


m 


»1 


ft-. 


am 

m 

£^ 

154 

374 

:^ 

^ 

i^ 

274 

S&4 

as 

aat 

£»a 

ifSd 

tf« 

an 

£« 

aao 

94 

»e 

fltt 

£&T 

ne 

&w 

m 

m9 

SS] 

mi 

sr7» 

3j« 

liM5 

37* 

27i 

W71 

&Vi 

i.^ai 

£47 

1.4St 

wm 

m 

m 

•  I 


n 

m 

7m 

mt 

7m 

7TO 

1^ 
eifis 

w* 
im 

Tns 

TBI 

7B» 
7^ 
TM 
084 

007 
SKI 
T3& 


IWJ 


um 
a,43» 

1, 401 

htm 

3,«77 
£,»!! 

2,Hfrr 
i<^r> 

L54t^ 


hss» 

hwm 
um& 

:;,  150 

i.Ttrr 
t|h»4 

I  1.447 
1 4IM 

I  ^'^^ 
I  1..155 


X,3t»  t,Il4 
3fjll^  I    V1M0 


«,7as 

2,755 
sr,4<ri 
S,313 

2J«9      mi 


7»1 
T40 
747 

im 

7]i 
lad 

ni 

HA 
fj75 


3.  Ill* 
!,?««) 
I. .181   I 

l,^ltJ 

1,431 
K2ftl1 


51  ft  ! 

4m  I 

44tU 

4»> 

mil 


UK 
»7» 

a37 

AH 

ser 

mi 

tm 
:Mf 

R44 

•.m 

31  i* 
£nf7 

^7» 

&i 
^\ 

SIH 

iftbi 


ISA 

»1 

IJit 

lai 

m 
it» 

9sue 

£14 


910 
196 
Wti 

3fl4 
1»3 
1)M 
1»7 

son 

ITU 
ITO 
1T» 


S41 


1S4 
180 

im 
17^  I  an 

us  I    B4» 

isr    tm 
m>    in 


IM 
1S5 

100 

lee 

11U 

lOT 
SOU 
^14 
S37 

^m 

£39  L 


»4j» 


£73 


£81 

313 

ai5 
SfTT 


m 


314 


£72 


2Sl 
987 
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fUmated  monthly  discharge  of  Kern  River  at  first  point  of  measurement, 
[Drainage  area  2,345  aquare  miles.] 


Month. 


1902. 
7 


iry 


t..-- 
iber 

T..  . 

iber. 
ber . 


rhe  year . 


Discharge  in  second-feet. 


Mazinmm. 


821 

1,828 

2,029 

3,758 

2,405 

3,096 

1,354 

453 

232 

292 

413 

346 


8,758 


I 


Minimum. 


242 
243 
601 


Mean. 


Total  in  acre- 
feet 


1,375 
1,235 
453 
205 
174 
161 
225 
231 


161 


288 
371 
790 
799  I  1,805 


r^fia    I 


1,787 
2,165 
706 
312 
197 
199 
281 
269 


Second-feet 
per  square 


17,401 

20,604 

48,575 

107,405 

109,878 

128.826 

43,410 

19,184 

11,722 

12,236 

16, 721 

16,540 


764    552,502 


Run-off. 


Depth  in 
inches. 


0.  12  ' 
.16 
.34 
.  77 
.76  I 
.92 
.30 
.13  ' 
.08 
.09 
.12 
.11 


0.14 
.17 
.89 
.86 
.88 

1.03 
.35 
.15 
.09 
.10 
.13 
.13 


4.42 


SAN  JOAQUIN  RIVER  AT  HERNDON,  CAL. 

3  Station  was  established  in  1879  by  the  engineering  department 
Southern  Pacific  Company.  The  river  bed  at  this  point  is  com- 
of  small  gravel  and  shifting  sand.  Because  of  the  continual 
es  in  the  cross  section,  which  were  increased  by  a  side  channel 
ing  through  the  gravel  pits  on  the  left  bank  of  the  river  just 
the  gaging  station,  meter  measurements  were  discontinued  at 
•ation  at  the  end  of  1901. 

river  stage  record  for  1902  has  been  furnished  by  William  Hood, 
engineer  of  the  Southern  Pacific  Company.  G.  G.  Nelson  was 
•server. 
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Miscellaneous  nieasurenients  in  San  Francisco  Bay  drainage  basin. 


Date. 


1902. 
Sept.© 
22 


Stream. 


Location. 


Gatfe  j      Dis- 
heignt.:  charge. 


Feci. 


Sacramento Upiier  Soda  Creek,  Castle  Crags. 

do Upper  Bairds  station 


Ser.-fett- 
I  15.  I> 

2S6.n 


24     McCloud I  Vanardsdale  clubhouse,  1  mile  above  S<iuaw   1.325.0 

I  I      Creek. 

ttS.O 


24  I  Squaw  Creek '  Squaw  Creek  Bridge,  Vamirdsville  road  . 


Total  McCloud l/SStU) 

23   do I  Hirze  Mountain 1,272.0 

25    do. '  Baird  post-office,  U.  S.  fisheries. I,a56.0 

17     Pit I  Bridge  above  mouth  of  Fall  River 208.0 

16   do '  Fall  River  at  bridge,  Fall  River  MilLs  ■ 1,543.0 

16   do I  Hat  Creek  at  bridge, Carbon  post'K)ffico SS^.O 

15    do I  At  Pecks  Bridge ;  2,.%0.0 

15  I do Bumey,  4  mile  below  falls j         209.0 

Jf7  L do j  Squaw  Creek  near  moutli,  CoppviY  C\\^' L '  I^.O 

27  .....do I  Silverthorn  Ferry,  Copper  C\t7 \- -  ^,^«fe.^ 

U I  Sacramonto j  Balls  Ferry  Bridge \ _^:^^ 
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ineous  meftsurements  in  San  Francisco  Bay  drainage  basin — Continued. 


Stream. 


Sacramento  . 
..  -do 


-do. 


Location. 


i  Oase        Dis- 
I height.!  charge. 


Ft'et. 


Peather, North  Pork. 


...do. 


.-do- 


.-..do. 

....do. 

....do. 

....do. 
....do. 
-...do. 

...do. 
....do- 


do- - 

Feather.  Middle  Fork. . 
....do 


.do. 


Feather,  South  Pork . 
...do 


....do. 
....do. 


Cache  Creek . 


Battle  Creek  Bridge,  near  Balls  Ferry 

Ditch,  Battle  Creek,  Balls  Perry  Flour  Mills  : 

Total  Battle  Creek 

Sacramento 

East  Branch,  Hamilton  Bridge,  Big  Mead-  \ 

OWB. 

Big  Spring  Branch,  1  mile  below  boathouse,  ' 
Big  Meadows.  | 

West  Branch,  J  mile  below  bridge,  Bunnell  , 
Hotel,  Prattville.  | 

Iron  bridge  near  Meadow  View  Hotel,  J  mile  ' 
below  junction  of  east  and  west  branches.  | 

Dotta  or  Lower  Big  Spring,  near  mouth  Big  j 
Meadows.  | 

Bidwell's  sawmill,  lower  end  of  Big  Mead-  ' 
ows.  i 

Butt  Valley  Creek,  near  Butt  Valley  Hotel . . 

Indian  Valley  at  bridge,  lower  end  of  valley . 

Spanish  Creek  at  "Pocket  Bridge,"  lower  ' 
end  of  American  Valley ,  near  Quincy ,  Cal.  i 


a7.22 


Huflf  Bar,Big  Bend 

Big  Bend  Tunnel,  above  Huff  Bar. 


Total  Big  Bend 

West  Branch,  30()  feet  above  Yankee  Hill 
Bridge. 


Above  mouth  of  Nelson  Creek 

Nelson  Creek,  just  above  mouth. 

Total  IkjIow  Nelaon  Croek. . 

At  mouth 

In  Little  Gra.s8  Valley 

At  Enterprise 


Sec.-fert. 

813.0 

27.0 

SiO.O 

5,848.0 

163.0 

64.0 
327.0 

607.0 

109.0 

669.0 

27.0 
22.0 
28.0 

fida.O 
315.0 

910.0 
27.0 


50.0 
33.0 


Palermo  canal  at  EntcTi'^iHti . 
Bidwell  Bar 


Total I 

Yolo  Bridge,  5  miles  from  Wootllands i      1.4 


Yuba,  North  Fork Bay  Counties  Power  Co.'»  flume, bt^low  dam . 

do i  Below  Bay  Counties  Power  Co.'s  dam ' 


Yuba,  Middle  Fork.— 


Total 

\  mile  below  Delhi  mine. 


.-do '  300  feet  below  Freemans  Bridge  . 


Yuba,  South  Fork i  North  Bloomfleld  ditch  at  North  Columbia, 

water  from  Bowman*^  reservoir. 


...do. 


-.do. 


Eureka  Lake  Co.'s  ditch.  North  Columbia, 
water  from  French  and  Faucherie  lakes. 

Edwards  Bridge 


do Bridgeport  Bridge - 

do - Excelsior  Miningand  Irrigation  Co /h  canal, 

Pleasant  Valley. 

Total 

Yulia Above  bridge,  4  milas  below  Smartsville  . . . 


92.0 

215.0 

l.O 

1.0 


30.0 
216.0 


246.0 
56.0 


221.0 
2.0 


223.0 

52.0 

64.0 

7.0 

9.0 

50.0 


55.0 
32.0 


87.0 
487.0 


''eatbor  Bureau  f^/^o.    Highest  water  mark,  28.0  feet  Docom\>eT  "Kl  A^Jft',  Vi^e^'V^Xwc 
ot  October  as,  iHTMi. 
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MiiiceMafieouM  meaMvrentJrnttt  in  San  Frunmmifi  Ba^  draimtge  bustn—Ctmtin 


DftU. 


Ang» 


M 


r* 


mremm. 


,do  _ 


Anuartcwi,  i^onJi  Fork. 
,„,do „„,„.... 


.do- 


AmuvrtcAiL,  Kiddle  FVirk. 


.do. 
.do. 


.„>da ., 


.do. 


AuaJHTkao,  North  Fork . 

.„_.ao_ ...,.„„ 


,do. 


.do. 


American,  South  FV>rk . 


.do, 
-do. 


.„  do. 

..,.do. 
„..do- 
„.-do. 


hac^Ucm. 


Jteigai 


Be]<ii^  dam  of  SVmtb  Tuba  Water  Cn^ . . . 
Old  mining  rlitch.  \  iufl(?  b«low  Hn&dworkn. 

Total  flow  month  of  Qreenhom  BItst. 
Old  mlnlDBT  ditcht  near  ATibum. ...... 


£rxi  f«N3t  above  lowtk  Hill  road  bridge 

Botitb  Yuba  Wiit«r  Co.'»  tj«*w  power 
i  mile  tiorthwfifit  of  Colfax. 

Total  flow  □earOoUax  ._^^.__^^ 
*#  mllefi ftbovo  Auburn  .... 


RabicOD,  dUOfoet  aboro  jiinctloii  with  Mld^ 

dlt5  Pork. 
aCX)  feet  itboTe  Juiintloa  with  Rubicon  ^..... 

North  Fork  of ,  SOO  ffitat  ftboTt*  Jonctiou  with 
Mlddb  Fork. 

Miniuff  ditrb   itnkam  water  from  North 
Fork  of  MxddUi  Fork  >. 

TotKl  flow  lielow  JuDotiou  of  Hiddlff 
Fork. 

Jtmtabovo  mdnth ,—.,*.. 

BelowJanGlion  of  Nortb  aud  Middle  forks 

Ncnr  Hbik^s  plaofi,  fi  miles  above  mouth  t>f 

South  Fork. 
Nor t h  Pork  L^ual * u^iar  Ft>lBom  „^„,„^,_^ 


b  luilcw  nb^^vB  mouth  of  South  Pork, 
Mluk 


.do. 
.do. 
.do. 

.do. 


.._do.... ._.. 

MokiiilumiiB,  North  Fork 
Mf)k(«liixuiir%  Middli'!  Farlit 
Mokcluuinn^Snutb  Fork 


,do. 


Hokfiilumue , 
-.,rf<j, 


100  feat  above  RiTertou  stouo  bridge. 

i^uth  Fork  of  Bilver  Creek»^il>  fi?et  above 

mouth, 
Bilv<?r  CYLH^k^  Ifil)  feet  iilKive  juiii^tion  witli 

8<tQtb  Fork  of  Silvor  CYi^efc. 

Total  flow  l»ekiw  junctiou  with  South 
Fork 
Plaf.*r^'llk^  ditch,  1  inllu  fmui  Pm.'ifii;  pNWt- 

Cbillie  Bftr  Bridgfj,  'i  mil*^  from  Pla^errllk 

Big  CftuytfU  at  junctiou  with  St>tith  Pork 

AtChillieBar ...... .._. .„.. 

NatomA    ditch,    Natotna  Vinery hfd    Co.^b 
l&t«ral. 

Natoma  diloh,  Blu^  Ravluu  luino *.*^, 

Near  rnouth.  '^  lulh^n  fitu  hvn  F^sIhoiti 

Natoiua  dltrh^  luilow  iliitn  lit  8iilun>ti  Falh> . 

Nt*trn"  Hill  <-iinHl,  W^I^w  diiin  at  Salmon 
FallH. 

2  mil^  abti v«  tu<  mth 

I  mll«  ab*  ive  bridj^*i*H  ntsir  Wt^st  Pi  Jint 

Inf}  ftMst  Ixslow  brtd^^c,  m^ar  Wr'.Ht  Point 

Ditch  2  mflcfi  swmth»^jiHt  of  Fort.  Mmintain^ 
*'Bi^TreeflqQJadrani<k\"' 

Mokf^lnmnu  4it*"hT  1  mil*''  br^lnw  Konth  Fork 
Bridge  iu  flumn  -"VOf)  rt-et  ln*k^w  bend-ipfttfl. 

Standaril  dltt-b  flumi'  N*i,  -tU,  m^itr  EIfn  tni.. 
Auiftdcir   dlti*b,  \u  ttwuvf  \\  ^iitvvV*^  ^^^*^^^^ 
Elouini, 


F%et 
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Dite. 
Ang.  U 


Stream. 


Jjocation. 


hoigbt. 


Dis- 
charge. 


Mokelonme 500   feet  above    Standard  Electri<*    C'o.'a 

power  house,  Electra. 

do ;  From  Standard  power  house 


Feft.     Sec-feet 
!  61.0 


Total 

do I  i  mile  below  Lancha  Plana  dam 

do '  CampoSeco,i  mile  below  old  dam 

do I  Clements  at  road  bridge 

do ]  Bridge  at  Woodbridge,  Cal 

do I  Woodbridge  canal,  100  feet  below  headworkH 

do ' do 


13 

15 

U 

12 

121 

16  I 

16    Stanislaus,  North  Fork 


.1  San  Antonio  Creek,  just  below  mouth  of 
I     Big  Trees  Creek. 


19 

22 

20 


-do Old  Milton  (now  Angels)  ditch,  in  flume 

I      below  headworks. 

.do I  Below  intake.  Angels  ditch 


"C 


;  Total L 

do j  Mill  Creek,  30  foet  below  junction  of  Love  L 

and  Morau  creoks.  i 

ClarksFork  at  mouth [. 

Below  mouth  of  ClarksFork '. 

Above  mouth  of  Clarks  Fork i 


StaMislaus,  Middle  Fork 

.....do 

do 

Stanislaus,  South  Fork. 


Canal,  Tuolumne  Elcnitric  Power  (>>.,  near  ' 
intake  ( takes  all  of  South  Fork ) .  | 

do i  Soulsby  ditch,  branch  of  Tuolumne  Electric '. 

I      Co.  canal,  50  feet  above  main  ditt^h.  | 


Stanislaus  . 

.....do 

....do 


Below  Colliers  . 
Abbotts  Ferry . 
Parrotts  Ferry. 


0.6  I 


.do. 
.do. 


do 

do 

do 

do 

Tuolumne,  North  Fork 


Robinsons  Ferry 

Ditch  near  Robinsons  Ferry  . 


Tuolumne  . 


.do. 


»1  .  Tuolumne,  Middle  Fork. 


27 

27 

ept.  2 


I 


Tuolunme,  South  Fork . 
Tuolumne 


Total 

Stanislaus  Water  Co.  canal.  Flume  No.  H  . . . 

Stanislaus  Water  Co.  canal,  Ik^Iow  intake  .. 

J  mile  below  Knights  Ferry 

Oakdale,  i  mile  aliove  railroad  liridge 

In  flume  of  Gold  win  Mining  Co. ,  all  of  water 
of  North  Fork. 

Cherry  Creek,  ju.nt  l>olow  Lake  Eleanor 
trail  crossing. 

Eleanor  Creek,  1  mile  below  trail  crossing. . 

Below  bridge  on  road  from  Cro<:kers  to  Hog 
ranch. 

UpiHjr  end  Hetch  Hetrhy  Valley 


Rancheria  Creek,  head  of  falls,  J  mile  .'V)nth- 
t^ast  of  trail. 

Till-Till  Creek,  just  ul>ove  junction  Ran- 
cheria Cn»ek. 

Falls  Creek,  IHH)  feet  alK)vo  junction  with  ; 
Tuolumne. 

Lower  end  Hetch  Hetchy  Valley 

i  mile  above  junction  with  South  Fork 

i  mile  alx)ve  mouth 


2s55  feet  above  falls,  lower  end  TwolumTivN 
Meadows. 


ao.o 

81.0 
67.0 
126.0 
65.0 
83.0 
40.0 
29.0 
8.5 


67.0 


1.0 


ig.SB  i.,...^o /  Wards  Ferry,  »H)  feot  Ah5\ow bridgo  . 


68.0 
2.0 

58.0 
126.0 
73.0 
54.0 

16.0 

198.0 
170.0 
168.0 

158.0 
12.0 

170.0 
129.0 
154.0 
166.0 
125.0 
6.0 

6.0 

4.4 

3.0 

66.0 
7.0 

0.5 

4.0 

89. 0 
152.0 
20.0 
23.0 
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MmetJiauemm  meoM^remeHim  im  ikiM  FruHci^ea  Bag  drainaifm  fw^'i*— Oanttmi^, 


r, 


m 


I 


Auk  ») 

m 
n 

I 
1 

4 

0 
A 
0 

H 

m 
m 
m 


IS 
IB 


.do 

.da 
.do 


--do. 


.ao- 


Woodft€^v«tk«  ijir^9Qiiiril3«  .__.^^^^„^-.-. 

LA«nui««  ditJ^h  and  Hydrmolk  MlniggOtfc, 

cKSftl  AhariA  lAgnmgii!*  dam. 

TkjltIoc'Ie  cAtioL  iLt  ftAt»  irber«  eiili&]  Ifia^tsi 
li««fl  works  tuniiBl. 


la)  fi<iet 


Abo?f^  Ji^iuctlciQ  witli  mUaiieUe 


llffer««kd,  South  Fork . 
M«trc«Ml«  North  Fork . 

Menwd .*. 

,,.. do. ..,.,„„ 


...do. 
...4o_ 

„.do. 


a«ii  Joaqnlii  _ 

,„„dn. 

do  _...... 


do. 

MowfitTroek  ,,. ..„ 

Han  JMHiiiiiit  E^outb  Fork 
Bi^CnMik 


Han  Ji  iaqiiiii,Nortll  Fork 


t!an  Joaquin . 

do  .„...-. 

-.,do 

.....do. 

.....do,.. 


.,...do. 


TotAl  mbOTe  Intaka.  elec^tlic  pmrw 
runnel*  Tf^smil^  Valley. 

BHflo]  Veil  C>v«sk.  QU  F&rd«k  Iwlftw  liridco  , , 

B*^tnw  baiMIni^at  Wawnoa ,^^^ 

At  Jiinetion  .....*.„„. . , ^„.__,^ 

BnntoQ  Millie poverbnuflft,  tn  flutoft^ _...„. 


KiMgjKnrthFOTk, 

.....dej-....^ . . 

.„.do.. , 

_„dc»-. ........... 

Ehig,  Middle- Fork. 
do..... 


'/-- 


Hf«rf<««hr«  Bend,  WO  fet.tt  Iwlow  old  mupQii- 
ninn  bridge 

1  H!il*ab»v«3  Mertwd  Falle^.,^, ..._....^. 

MisroedFftlK  l.<i«feet  lNUr-*w  dam 

tHteh  twlow  power  Imasii*  Mf^fv*?*!  FbUa 

Croekt'T  Hoflftiiftti  CAnAl,  nt  nmui  l>Hd|re,3 

Oranite  CnLH^k,  \W  t^^t  bek>w  lOiecp  liridg^^. 

3II»  fwt  beWw  junctiuii  witli  Jb^k^w  (.Yeefc. 

JackAw  Crwjfc*  5()r<?et  aboT*^  juoctloD  with 
t^n  Joaquin. 

llHdle  Furk,aJOf«et  Mlwivti  Milliwr  Bridge. . 

At  lowest  tTall  trru^ini^  , . . . , ,,._..... 

Trail  cronstnjyt  fpt>iii  Mtmii  U>  I*liie  Ridge  ,., 

Dam  sittv  lowi.^r  end  tif  valley,  Invil  from 
Mono  to  Pine  RUlgi?, 

CaubL  utn^er^oiF  In  fluiuoiiLhiwi/  ihU&ii  Jo»- 
ciuiu  i^rwer  house. 

B*'<k>w  B«n  Joaciuin  electrii;  power  ItoilSij... 

PdUa^ky^  north  ot  pavilion  _........ „ 

Henidoi^  Ht  ruod  bridiio ._._ 

Below  dam ,  at  H'^nJotJS, .  „ 

Miller  bnd  Lux  »?anal,  amall  dam  intake 

No,  :i. 

Miller  and  Luac  L'anal,  at  (rraual  hriUiji*  Ko.S.        6. 1 

Diiikej  Cpt*ek,  75  feot  below  old  bridge^    

riftati  Okenden  to  L^urt*!  i >e*?k, 

ItO  pardHabfiTe  trail  rn»*«iii^^  1  mUn  from    .......^ 

Cliff  t^amp.  , 

BtiBr  Cri^pk  {estimated)  ........_> .«-^L.._..,. 

DeerOreek  f«stJtimt^D __[......,. 

Blue  Canyon  Creek. ^^„. ._„,.„, ._., 

Crown  Creek ..._._ 


ISOLfi 

2l#: 


4^^ 


liL« 


lH.tt 


a© 

I 


io 
II 

do 
mn 
ro 

WQ 
tuo 

mo 

mo  j 

Kill    ] 
lOT.fl 

mo.o 

SCLO 

as 

TJ 

IJ 
I,  ft 

10 
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Iiisct*Uaiieoua  measurementa  in  San  Prancisco  Bay  drainage  basin — Continned. 


Date. 


19U». 


?7l 

:*) 

10 
315 
29 

29 


Stream. 

I--^--                                h^t. 

Dis- 
charge. 

King,  South  Pork 

do 

Feet. 

BnbbsCreelclOOyardsabove  Junction  with  ' 

South  Fork.                                                  j 

100  yards  below  trail  4  mile  above  junction   

Sec.-feet. 
82.0 

».o 

^bSTcreek.       ^*                    ^ 

Total  below  mouth  of  Bubbe  Creek. . . 

61.0 

do 

Granite  Creek,  fiO  yardfl  above  bridge  on  \ 

trail  crossing. 

Sheep  Creek,  just  above  old  hotel  (enti-  ! 

0.7 

do 

2.0 

do 

mated). 
Roaring  River,  at  trail  crofwing 

10.0 

King,  North  Pork 

1  inilft  RbnvA  month 

36.0 

K^iTIg 

Big  Creek,  just  above  m<^Tith 

0.5 

do 

At  Red  Mountain  gaging  station  .         ... 

4.0 

217.0 

..do                

78  canal,  near  head  works.  Trimmer  Springs 
crossroad. 

road. 
Fowler  Switch  canal 

31.0 

do 

2.0 

do 

121.0 

do 

0.0 

do 

Kingsburg  canal,  Trimmer  Springs  cross- 
road. 
At  bridge,  1  mile  north  of  Reedley 

5.0 

do 

74.0 

do 

Kingsburg,  below  wagon-road  bridge 

117.0 

Kaweah,  North  Fork 

Lower  end  of  Davis  ranch 

4.0 

Kaweah,  East  Fork  .  .. 

Moxmt  Whitney  Power  Co.'s  flume 

18.0 

do 

i  mile  above  headworks.  Mount  Whitney 
Power  Oo.'s  flume. 

»0  feet  below  junction  diversion.  Mount 
Whitney  Power  Oo.'s  flume. 

Marble  Fork,  100  yards  above  junction 
with  Middle  Fork. 

100  3rards  below  trail  crossing  from  Sol- 
diers Camp  to  Tar  Gap. 

100  yards  above  junction  with  Marble  Fork. 

8  mil«i  above  Three  Rivers 

15.0 

do.... 

15.5 

Kaweah,  Middle  Fork. . . 

4.0 
U.O 

1 

1 do 

20.0 

do 

31.0 

do 

i  mile  above  Sequoia  National  Park  line . . . 

31.0 

..do 

do       

29.0 

Kaweah,  South  Fork.... 
..do 

Horse  Creek  at  lower  end  of  Hackett 
Meadow. 

200yards above  bridge  on  road  from  Lemon 
Cove  to  Three  Rivers. 

Sequoia    National    Park    line,    Cahoon's 
place. 

Near  lower  end  of  sand  meadows 

1.0 
0  7 

do   

0  8 

do 

2.0 

Kaweah 

i  mile  above  iron  bridge 

33.0 

Tule,  Middle  Fork 

do 

East  Mount  Moses  near  headworks  Doyle 
Power  ditch. 

Above  headworks  Doylo  Power  ditch 

2.6 
14.0 

Trail  crossing  near  junction  East  Fork 

do 

24.0 

Tule,  East  Fork     . . 

100  yards  above  junction  with  Middle  Fork. 

Total  below  junction  of  Middle  and 
East  forks. 

Trail  crossing  from  Nelsons  to  Indian  Res- 
ervation. 

Tom  Wheaton's  ranch 

15  0 

do 

Tule,  South  Fork 

39.0 
10.0 
3.0 

do 

«  miJes  below  Indian  Agency,  50  var^ 

\ ••• 

I           '^.^ 

above  crossroads. 


IBB  8s — o:^ 


-11 
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Dftt». 


Btifftm. 


Jjoomtkm. 


0«»       I 
]ic@fctJ,  chi 


Oct,     0 

,Ctet.    a 

I ; 

B 
8 


T«ile,  Nortli  Fork  .--...,   At  Junction  wltli 

Tnle,  Scmtb  Fork -i  KcAr  montli 

.^...do., ^__^(-^^^.do 


rlTisr  ^ 


r 


Ttalo. ....... ....  ...».*..-'  HeFarlaniJ^  Brid  r@.  ^  miUs  eoat  of  Fcirt«n^ 

I      YlUe. 

.d(}...M«^*4«.^-^*4.--  Ptonet-r c'hqaI  intJiJt^  ..„ ,*— ^*», 

*d<^ ....  ..........*..«.- 1  Flonoer  niiiAL  1  mtle  below  head  gAtd  ...... 

1  milH'  hi^Iiiw  intake  Pioneer  i^niiJ, 

Piotiwr  ''-adaL  Port^r^Tillo  Cimn^  gfCfW^ 
no  waU^r  ii4wm1  for  hTijfstlrni. 

Little  Koru.  KU  fn^'dfi  nbot^  Jmunlon  wltlx 
North  Fork. 

lOD  ymrds  abov*  Little  K«rn_  ,,_.k_  ,, , 


Total - 


..4Cfr..................r.^    T3liil*»t'On    ditch,    road    croRsinff    Ui   Hot 

.  -do ..  _.._._..  ^^ .  .^^   Uppt*r  Murphy  ditch.  entrnnc«  to  weir 

,  dio  .............  ^ !  Stafford  Jb  Neil  ditch  at  old  brtdgo  baclE 

I      of  yhurcli. 

..dQ,_,___^ ■  Bnnini^r  ditch,  jiaat a^bove dairy 

.do 

-do,- ., 


Wa&t  GhanncL  point  dlver«lcm,  Rem  Blvfa* 
Power  Vo. 

Gen1«r    cbiiiin«l.   pi^iint   dirftrsion,  Kem 
RiTfiv  Powflv  tV>. 

£At)t  tibanojel,  i*rjltit  dlv^twoii,  Kern  Rirer 
Power  Co. 


Total  . 


-do._,„_ ,„_....'  imLlo  aixjTo  month  of  Salmon, 

Balmon  and  TtibiHa  rri^C'k>4. 


betw^n 


.da. 
.do. 
.do. 
.do. 
.d0. 


..,.do- - , 

Kern  South  Pijo-k.. 
K«m.  North  Fork. 

.,*.do.. .,,.....„.. 

Sers 

.„.do. . 


Salmon  Creek,  M\  jtvrda  alnivti   j auction 
with  Eem. 

I  mile  above  s^gitig  Htatioo,  Keru  Hiror 
Power  Co. 

SJUjardi^  below  waiJ^jn  bridge,  InhItkiIIii,  to 
Kemvillt. 

Hfxjptir  dit*.'h  at  wagon  bridw^e.  I^ilMiUa  to 
KernTille, 

BtafFord  A  Neil  ditijh,  jnBt  abiivo  flume  in 
gnlch. 

Lower  Stafford  ditch  ..... , „ 

Above  jnni-'ttjm  with  Kern _  ,  „ 


Str 


Lowtjr  Mun^hy  ditr-h,  irt  yards  alxjveWfll- 
don  orij83rtmdu. 


Bennett  &   KeJlpy   ditoh, 
eroafiroail^. 


ii»>iv«*   Weldon 


7  L.,^ 


sou  yardfl  bolow  junction.  North  and  South 
forkn. 

I  mile   above  jjf>Wi.^r   lionw,  Kctti  Rivwr 
Power  Co. 

.dd-..-,— ......    Below  Clear  Croek _,......._.__._.. 

.di>.... !  degirCrovk  iit  mouth .., 

, »dq^ ,...,-.....,.,.r  I  mile  Jjelow pjwsr  Ijiin-w^ at  mouth  of  r^an- 

{     ion. 
..do_ , ._    ^^Firstpolnt  of  meiuturement". . ., . 

,d&... ^.....   Democrat  Bpringfi  at  cable  Ed  isoin  Electrk: 

Co. 
.do j  Pw3p*T«©dMt4fl  of  'Editciti  \itnweT  \il^\&»&\»'Sjaw 


\- 


•\ 
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SOUTHERN  CAIilFORNIA  J>RAINAC;E. 

Under  the  head  of  Southern  California  drainajre  have  In^en  included 
data  concerning  the  streams  of  that  part  of  the  St>ate  south  of  the  San 
Joaquin  Basin.  There  are  thus  included  the  Mohave,  which  flows  from 
the  mountains  north  of  San  Bernardino  into  the  Mohave  Desert,  a  por- 
tion of  the  Great  Interior  Basin,  as  well  as  those  flowing  toward  the 
wuth  or  southwest,  whose  waters,  in  times  of  floo<l  at  least,  i  each  the 
^acific  Ocean. 

Arroyo  Seco  rises  on  the  eastern  slope  of  the  Santa  Lucia  Moun- 
ains  and  flows  east  and  empties  into  Salinas  River  at  Soledad,  Cal. 

San  Lorenzo  Creek  drains  the  western  slopes  of  the  Gavilau  Moun- 
ains  and  enters  Salinas  River  near  King  City,  Cal.  There  is  a  roser- 
oir  and  dam  site  5  fniles  above  its  mouth.  The  flood  waters  are  used 
or  winter  irrigation.  Salinas  River  drains  into  the  Paciflc  through 
ionterey  Bay. 

llie  drainage  basin  of  San  Gabriel  River  lies  on  the  southern  slope 
f  the  Sierra  Madre,  being  included  in  Los  Angeles  County,  Cal. 
'he  various  tributaries  join  the  river  before  it  enters  its  lowest  can- 
on, whence  it  appears  finally  on  the  plain  in  the  vicinity  of  Azusa. 
Tie  seepage  waters  of  this  valley  appear  lower  down  in  the  river  and 
inally  enter  the  Pacific  Ocean  not  far  from  the  mouth  of  Los  Angeles 
tiver.  All  of  the  surplus  waters  of  this  stream  are  now  used  for 
rrigation  purposes,  and  it  is  only  an  occasional  flood  that  passes  the 
^ng  station. 

Santa  Ana  River  has  its  source  on  the  southern  slope  of  the  San 
►ernardino  Mountains  and  flows  southerly,  appearing  from  its  can- 
on 4  miles  north  of  Redlands.  Its  waters  are  completely  used  in 
an  Bernardino  Valley.  At  the  lower  part  of  the  valley  the  water 
ppears  again  in  the  vicinity  of  Rincon  where  the  river  passes  through 
comparatively  narrow  gorge,  and  the  general  direction  of  the  stream 
'thence  southwesterly,  emptying  into  the  l^acific  Ocean. 

The  headwaters  of  Mohave  River  have  their  source  on  the  northern 
ope  of  the  Sierra  Madre.  It  flows  north,  finally  disappearing  in  the 
inds  of  the  Mohave  Desert. 

The  following  is  a  list  of  the  stations  in  the  Southt^rn  California 
Painage : 

Arroyo  Seco  at  Pettitt's  ranch,  near  Soledad,  Monterey  ( V)iiiity,  Cal. 
San  Lorenzo  Creek  near  King  City,  Cal. 
San  Gabriel  River  and  (-anals  at  Azusa,  C'al. 
Santa  Ana  River  below  Wanusprings,  Cal. 
Mohave  River  at  Victorvalle,  Cal. 

ARROYO   SECO   AT  PETTITT'S   RANCH,  NEAR  SOLEDAD,  MONTEREY 

COUNTY,  CAL. 

A  gaging  station  was  established  l)y  W.  W.  Cockins,  jr.,  I)e('om])or, 
00,  at  Foster's  ranch,  near  Piney  post-ofllee,  California.     The  high 
iter  of  January,  1001,  enlarged  an  old  channel,  and  the  gaging  sta- 
►n  was  removed  to  Pettitt's  ranch,  4^  miles  bo\o\v.    T\\v^.  ^v\y\)V>^^  Q.1 
^hlisbing  these  gating  stations  was  to  got  U\o  mv\x\wv\\\w  V\ovi(V  C^\^- 
rge  and  the  amoun  t  of  water  available  for  stovagvi .    T\i^  \)0\>^  ^w 
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fBo.ai 


I  of  the  basifi  dmiutMl  above  Pet  tilt's  ranch  is  215  eqitare  milefi.    Tl«|.. 
foliservt^r  in  .Mrn.  lliaHt^i!*  PettitL 

iDfM'hor'gf  tm'mnnn'meninQf  Arrtfi/o  St^o^t  pt^iiiWnrancJi  near  ^oi^sdmi^Mmitmfl 

Vonuffft  Cttl, 


DaU^. 


1000 
[Ffl^»rtiary24 
Fubmary  tJli 

ApHl:^        

Jtily  m 

AugiiBt  7 

'Novemtw.fr  Iti . 

D^'emlioT  ;S1 


«j^,,  iDi-iw*;;: 


^tilff  gtigf  hfiyht,  in  feet,  of  Anrrrifo  Sw/i  ttt  PitiUtVst  ranch  ii«ip  So^Hlatl,  MofiJ^  ' 
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I  Ai^ihy  tMe  for  Amyyo  Seco  River  at  PettUVn  ranch  near  Solrdad,  Monterey 
County,  CaL.for  lUoJ. 


(Hee    I 
height,  j 

Feet. 
5.0 
5.2 
5.4 
5.6 
5.8 
6.0 
6.2 
6.4    I 

6.6    I 

I 


Discharge. 

heiglft. 

Se€^md-feet.\ 

Feet. 

6.8 

15 

7.0 

40 

7.2 

75 

7.4 

145     1 

7.6 

230 

7.8 

320 

8.0 

410 

8.2 

510 

8.4 

^^-<^'!,&i. 


Second-feet.^ 

620  1 

750  I 

•890  I 

1,080  I 

1,190  I 
1,360 

1,550  I 

1,750  j 

1.970  i 


heigh 

Feet. 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9.8 
10.0 
10.2 


DiHcharge. 

height. 

Sertnid-feet. 

Feet. 

2,200 

10.4 

2,450 

10.6 

2,720 

10.8 

3,010 

11.0 

3.320 

11.2 

3,650 

11.4 

4,000 

11.6 

4, 360 

11.8 

4,  740 

12.0 

DiHchargo. 
Second-feet . 

5.130 
5. 540 
5, 960 

6.  ;wo 

6,800 
7, 220 
7, 050 
H.  090 
8,530 


Estimated  monthly  diacharge  of  Arroyo  Seco  at  Pettitt's  ranch  nettr  SoJcdad,  ^fon- 

terey  County,  Cat. 

[Drainage  area,  215  siiuare  iniU'tH.  ] 
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^B  SAN   LORENZO   CREEK  NEAR   KING  CITY,  CAL, 

^^A  giigi  n g  HUii uni  wan  i*.^U\ h\  i i*  1 1 *^d  Deee i ti  lu^i"  U> j  1 9 CMij  a 1 1  loUei i lit^^k *» 
rftiiiili.  To  obtiiiu  n  roUuble  observer  it  was  necessary  to  niovt^  the 
gliding  HUttiun  to  the  Mntlii^ws  dniit  s^ite  one-half  mil*?  aliove  th*^  lial- 
lenlK^ek  miK*hoa  Novomber,  11*01,  The  stnmin  is  veiy  Jlashy,  anU  the 
rating  curve  for  1903  was  completed  by  taking  the  cross  section  and 
8loi>e  with  a  kvel  and  ealciUating  the  discharge  by  the  Kutterb  for- 

*ula*     Thi*  oteerver  is  J,  L.  Mathews, 
Dim'hapge  m^aBuremenU  of  San  Lorenxo  Creek  near  King  CUy^  OaL 
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Rating  table  for  San  Lorenzo  Creek  near  Kitig  City,  CaL.for  1902, 


heifrht. 


Fttt. 
0.8 
.9 
1.0 
1.1 
1.2 
1.3 


Discharge. 


Second-feet. 

3 

5 

15 

32 

50 


Qaffe 
leight. 


heigl 


Feet. 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 


Diflcbarge. 

heigM. 

Second-feet. 

Feet. 

88 

2.0 

110 

2.1 

135 

2.2 

166 

2.3 

200 

2.4 

236 

2.5 

Discharge. 

Second-feet. 
274 
817 
364 
415 
470 
525 


Oai 

height. 


Jg.      DLschargt'. 


Feet. 
2.6 
2.7 
2.8 
2.9 
3.0 


Second-feet. 

5a5 

650 
720 
795 

875 


Estimated  monthly  discharge  of  San  Lorenzo  Creek  near  King  City,  CaL 
[Drainage  area,  235  square  miles.] 


Discharge  in  second-feet. 

Total  in  acre- 
feet. 

Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

Second-foet 
per^^uare 

Depth  in 
inches. 

1902. 
Jftnuanr 

15 
795 

875 
5 

5 
5 
5 
3 

6 
69 

81 

4 

15 

85 

7 

869 
8,aS2 
4,980 

238 

357 
5,057 

430 

0.08 
.29 
.34 
.02 
.06 
.36 
.03 

0.03 

February 

.30 

March 

April.                 

.39 
.02 

October  19-31     . . 

.03 

November      

200 
15 

15 
5 

.40 

December 

.03 

SAN  GABRIEL  RIVER  AND  CANALS  AT  AZUSA,  CAL. 

Owing  to  the  numerous  diversions  it  has  been  difficult  to  obtain 
accurate  discharge  measurements  at  Azusa;  but  during  1898  the  San 
Gabriel  Electric  Company  completed  its  system,  and  measurements 
are  now  obtained  with  greater  ease  and  hence  with  greater  accuracy. 
The  headworks  of  this  company  are  located  about  6  miles  above  the 
mouth  of  the  canyon;  the  water  is  carried  along  the  left  side  by  a 
series  of  tunnels  and  conduits,  and  a  head  of  400  feet  is  obtained 
where  the  electric  power  is  generated.     Weirs  are  placed  on  the  con- 
duit of  the  electric  company,  and  thew^ater  is  measured  at  this  point. 
The  capacity  of  the  conduit  is  00  second-feet. 

The  total  flow  of  the  river  is  obtained  by  adding  the  daily  discharge 
for  the  river  to  the  figures  for  the  corresponding  dates  for  the  canals. 
The  observer  is  II.  F.  Parkinson. 
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PiMhtirge  mmimirimtmttii  of  8an  GabriH  Hivtrui  A^saa^  Qa£, 


{SfVJ^I 


A|irilH 


k 


H^doffmphtf.       !   ^^^    |Di«cli»w. 


S.  G.  Bennett 
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,ao. 
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B&mmrl£3. 


Over  weirs   San    Gal>riel 

Pijwt^r  Ctmi finny  Omal. 

11*  ()     WiiHt*f  gfttt*   San   frtibriel 
Power  Com  I  mil  y. 


71,0  I  Total  flow  of  Siu)  OabrieL 


n.7 


z».o 


Flow  over  wt^in*  *>f  Saia 
Grtbriel  p4)weT  Cnm- 
pan  J— total  flow  of  j 

Do. 


Z>fl%  gagfi.  height,  infefit,  of  San  Oabriel  River  at  Azma^  Cal^ 
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A  BlTtsr  dry  JiLuuiLry  1  to  FubritKry  £5^  May  1  to  KovumlHsr  10,  nudNuTHmbefr  12  lio  D^^AmbcrSt- 
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Daily  discharge,  in  second-feet^  of  San  Gabriel  vanaU  at  Azusa, 


Dar. 


J«ti^ 


IMS. 


Feb. 

Mai-. 

aa 

50 

m 

no 

m 

m 

m 

oo 

m 

01 

m 

«d 

m 

Qi 

m 

«s 

m 

4B 

a» 

^ 

m 

OS 

£9 

1£3 

28 

OS 

m 

m 

a* 

08 

^ 

fti 

^ 

u^ 

m 

m 

Ti 

«e 

m 

ttS 

ffi 

«& 

m 

«e 

M 

m 

m 

«s 

m 

<ie 

m 

«e 

ee 

de 

m 

m 

OS 

iSfi 

*.  . 

di 

Apr. 

Miiy. 

m 

U 

m 

4fl 

m 

4« 

m 

4T 

Oi 

40 

(^ 

M 

(B 

M 

^ 

4A 

OS 
0$ 

as 
da 

OS 

OS 
80 

«i 

SI 

fig 
m 

m 

48 
18 


Jtin«, 


m 

m 
m 
m 

S3 

n 

90 

so 

m 
m 

ifl 

lA 
1(1 
lA 
16 

11 
14 
14 
14 
Ifi 
16 
14 


July. 


Aiiir.  8«pi.  CVt,  Not. 


1ft 
Ift 
IT 
IT 
14 
1ft 

14 ; 

Hi 

li 
11 
Id 

10 
10 
10 
10 
10 
10 
10 
8 

B 

« 
Ul 

10 
10 

» 
a 


Dm. 


10 
1ft 
Ifl 
li 
17 
17 
1« 
IB 
U 

m 
m 

35 
IS 
«S 

OH 

m 

^ 
m 
«i 
m 
as 


Rating  table  for  San  Gabriel  River  at  Aziisa,  CaL.for  1902 


I  Discbarge. 


i?X.   '  Di^charKe. 


beigl 


Second-feitt. 

4 

Feet. 
1.5 

Sec 

7    1 

1.6 

10    1 

1.7 

13   ; 

1.8 

18 

1.9 

24 

2.0 

30 

2.1 

Second-feet  .\\ 

37 
44 
52 
68 

77 

93 

110 


Gage 

height. 


Feet. 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 


Discharge.  !!   ^li^x.   '  I^is^^^^arge. 


Second-feet. \ 

B^et. 

128 

2.9 

147 

3.0 

167 

3.1 

188     1 

3.2 

210     1 

234     1 

260 

Second-feet. 

288 
318 
350 
384 


s? 


STREAM    irEASTrHEMENTS  m  lt»02,  FABT  TV, 
E»Umuied  Hum  f  hi  ft  tUn^hargv  of  San  Qattriei  Hit^r  at  Azumt^  i^tMl, 


|K0.85t 


Mtjijlh. 


1902. 


The  vear 


Disrhargo  Iti  tieD<m^«f iwl. 


G 

8? 
0 

a 

0 

0 
0 

0 

la 

0 


S£9 


Mtwo. 


0 
S 
»8 
7 
0 
0 
0 
0 

0 
0 
0 


0 
l«7 

Of 
ik 

0 

ft  ( 
ft 

0 
0 


3,0^ 


EMmatpd  vionlM^  discharge  of  San  Gnhnel  canah  at  Amim^  Cat. 


Hanth. 

Totilto 

MRSimuiP' 

Mljjimum.  I    MeAn. 

wn^ti»ft 

Jannarr  ..:___ 
Febmarv      .... 

im2. 

51 
02 

n2 

48 

80 

17 

8 

6 

M 
37 

2. 
84 
01 

lp722 

Maix^h ......   _            ,_-.-,  ....... 

3,751 

April                                          . . .  . 

May  - ...   -.   .     

4fi 
30 

Tifl 
39 

a,  511 
2,398 

June 

14 

8 

20 
11 

1,190 

Jnly 

676 

August 

6                7 
4                5 

m) 

September .      .    . ... 

298 

October 

10  i                 6                7 

44JO 

November  .     ...    

Decern!  )er 

62  i                8 
68                  16 

19 
32 

1,131 
1,968 

The  year . 

68                   4             27 

19  393 
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lated  monthly  discharge  of  San  Gabriel  River  and  canals  at  Azusa,  CaL 
[Draina^co  area  22)!  squaro  miles.] 


Month 


1902. 
•y     .  - . 

Oer 

XT 

•er 

he  year 


Di8(rharfire  in  second-feet. 


Maximom.    Minimum. 


51 

24 

120 

38 

378 

63 

99 

48 

48 

30 

30 

14 

17 

8 

8 

6 

6 

4 

10 

6 

80 

8 

68 

16 

878 

4 

Mean. 


28 

37 

99 

66 

39 

20 

11 

7 

5 

7 

19 

32 


31 


Total  in 
acre-feot. 


Run-off. 


Socond-feet'  TVaT^*», «» 


I 


1,722  . 
2,055  I 
6,088  I 
3,928  ' 
2,398 
1,190 
676 
430 
298 
430 
1,131 
1,968 


22,314 


0.13 
.17 
.45 
.30 
.18 
.09 
.05 
.03 
.02 
.03 
.09 
.14 


.14 


0. 15 
.18 
.52 
.33 
.21 
.10 

■  .06 
.03 
.02 
.03 
.10 
.16 


1.89 


SANTA  ANA  RIVER  BELOW  WARMSPRINGS,  CAL. 

Station,  established  June,  1806,  is  located  5  miles  northeast  of 
le,  Cal.,  three-fourths  of  a  mile  below  the  heiid  works  of  the 
\na  canal  and  opposite  the  warm  springs  in  the  canyon.     The 

an  inclined  timber  fastened  to  a  large  bowlder  and  posts  set 
bank  of  the  river.  The  observer  is  A.  Larrd. 
ig  to  the  shifting  nature  of  the  stream  bed  it  has  not  been  pos- 
)  construct  perfectly  satisfactory  rating  curves,  but  the  tables 
ented  are  based  on  the  best  information  that  could  be  obtained, 
jcord  is  not  considered  absolutely  correct,  but  is  given  as  an 
imation.  This  river  is  one  of  the  most  difficult  streams  in  the 
►f  which  to  obtain  an  accurate  record.  The  Edison  Electric 
,ny  diverts  the  greater  portion  of  the  water  of  Santa  Ana  River 
the  gaging  station,  but  also  returns  all  of  it  above  the  station, 
lowever,  allow  only  limited  portions  of  the  water  to  pass  out  of 
Dnduits  during  certain  hours  of  the  day,  holding  back  the  water 
pui-poseof  obtaining  additional  power  when  the  greatest  demand 
The  Santa  Ana  canal,  as  mentioned  above,  also  diverts  water 
anta  Ana  River  above  tlie  station,  all  of  wiiich  is  returned  to 
mnel  ol  the  stream  after  ])assing  the  point)  ot  m^i\;au\:<i\3aftut>» 
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STREAM    MKASOUEMENTH   IN    I901i,   TART   IV. 


I  During  the  ^n*aU*r  part  of  th*?  yenr  the  ouiaU  at  the  njcmtli  a 
I  eauyou  divert  all  of  tlu?  water*  At  such  timm  tlu*  diHtluirgt*  of  £: 
Xnti  liiver  wan  nbtained  l>y  <il»4S4*rvatiuiiB  od  weii^  at  the  head  m 
of  Gre4?n  Spot  pipe  l!iit>,  Highlanils  i-anal,  and  Redlaiid^t  raual. 
wat-oreiik^ringRedlaiids  canal  from  the  Kedlands  tunnel  and  il< 
Canyon  was  assttmed  to  offnct  the  lo^ss  hy  evaporation  and  se^^ 
I  Iwtwefiii  the  old  gaging  station  and  tlie  inouth  of  the  canyon. 


IHnvJiargf  mc/tm/wmpr*/*  o/  Sanfa  Ana  Biver  and  canal  ai  Warm^pringi 


B«tu. 

H^fln^gTaplieT. 

Gage 

iJifichArge. 

ReiBsrkB. 

1902. 
Aprils 

a  fi.  Btfunett,,, 

.-.-do -.- 

.....do , 

W.  B,  aapp   ... 

S,  Q.  Bennett. , . 

51 

4 

River. 

S5 

Total     diaobai^e    f. 

River. 

Santa  Ana  Oanal. 

Total  flow. 

River. 

Santa  Ana  Canal* 

May  31_. ,,..., 

M 

8 
SI 

m 

Jidy  10.__...... 

:H 

IS 

S3 

Total. 

September  8 

.ft5 

10 

u 

River. 

u 

IB 

Total, 

NovmnberS 

.87  i 

River. 

Banta  Ana  Canal. 

It* 

Tottil. 
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tge  height,  in  feet,  and  discharge,  in  second-feet,  of  Santa  Ana  River  and 
canal «  at  Warmsprings,  Cal, 


!         Jan.        1        Feb. 

1 

Mar. 

Apr. 

Ml 

ly. 

^1 

June. 

1^ 
®5 

i\A 

4 

If 

Difl. 
charge. 

m 

n 

Gage 
heiglt. 

Dis- 
charge. 

, 

1 

a>; 

20 

1.50 

68 

1.36          42 

45 

- 38 

22' ;       24 

2.«) 

485 

1.40         48    44' 30 

24  1: 1    ^ 

1.00 

80 

1.40          48  ; 4;^    29 

23  1 1       25 

1.50 

m 

1.40          48    4:}    30 

23  1 :       27 

1.50 

63 

1.45          56  ' 42    ^         27 



23; ;      2» 

1.25 

31 

1.3;?  '        40   40  ' 29 

' 

21' 1       27 

1.45 

56 

l.J«  !        42    39  1 1         26 

' 

23! 1       27 

1.36 

4:3 

l.J*8          46    40  ; 1         26 

' 

23    27 

2.U) 

187 

1.30 ;      :w  :«  1       26 

' 

22' 1       27 

1.70 

102 

1.30  i       :«   :J8  1 32 

1 

23, 28 

1.55 

72 

1.27  1        :fl    37 

34 

1 

23, 28 

1.5.'> 

?2 

1.27  ,       :«   'M 

40 

1 

23  t 28 

1.56' 

72 

1.25  ,        31    M 

39 

1 

23   27 

1.55 

72 

1.24  1       :«)  1 '      W 

'         39 

28 

i        28 

1.36 

42 

1.24  1        »)! ;        :^  j i         47 

i 

23 

28 

1.23 

29 

1.24'      :^) ' 1      :« 

45 

1 

23 

28 

1.25 

31 

1.23 

29; ^ 

46 

1 

23 

28 

1.25 

31 

1.2:^ 

29  1 :r> 

'         46 

1 

23 

27 

1.30 

36 

1.24          30! '        36 

44 

..I 

24 

26 

1.25 

31 

1.25          31 

83 

29 

...J 

22 

26 

1.22 

28 

1.45          66 

'       83 

27 

1 

24 

32 

1.25 

31 

1.30         :« 

1       33 

27 

1 
1 

24 

33 

1.30 

36 

1.31         :^7 

j      3:? 

26 

)■ 

45 

30 

1.40 

48 

54 

!        33 

89 

41 

33 

1.45 

56 

49 

1        32 

85 

i 

28 

2.20 

240 

1.50 

63 

47 

1        34 

30 

1 

■       25 

1.80 

80 

l.l» 

72 

M) 

1        31 

82 

1 

26 

1.50 

63 

l.fii 

68 

;    « 

;        31 

81 

1 

25 

1.50 

68 

46 

1    « 

1     .  - 

31 

'         23 

1 

21 
21 

31 
31 

28 

1     

1.45  j        5« 

1 

J 

rge  of  river  was  obtained  by  mea«ureinents  over  weirs  on  days  when  gage  heii^hts  are 
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ifffo 


2itp  gaga  ht'ight,  infet't,iitiildi*cJuirgt\  in  aevoml^fi'et,  of  Ji^HHta  Ann  itiVt'r^  t 
canal  at  Warmspringft,  CaL — t^tmtimaed. 


It. 

Attg.              ik(pt. 

Oct. 

Hdf. 

Dor. 

D»y 

4 

5| 

^1 

^1 

« 

£^ 

^1 

fi 

vm 

'* 

34 

« 

^  sti 

m 
m 
m 

m 
m 

m 
m 

il 
m 

m 

m 
m 
m 

n 
m 
m 
m 
m 
u 

m 
m 
u 

— * 

Bl 
80 

» 

18 

ar 

— - 

48 

, 

W  *« 

31    

m  _„... 

^ 

^1   ,.*.*, 

2S   .„.,,, 

»!-,...,. 

IB  .„„.. 

ar  ....... 

£1    

iB 

CI     -  -^-^ 

m 

m 
Mi 

..•,.,, 

— 

n ,.,..*.* 

m\ 

«r  ....... 

«t  . 

ii= 

If ._,......., 

ii ,„„..„ 

as 
as 
«i 

SB 

as 

»4 

m 
»i 

40 

Rl 
fia 
ST 
l(^ 
fill 
«7 
4^ 
i2  ' 

!""'" 

M. -««-.... 

99 

19 

m 

-^ 

jfl. ..-...__,.._ 

ii_ 

m 
u 
m 

1T„.,-, 

10, _„„ 

ifl, ^„, .-.-.., - 

«.„.... 

SI 

»s' 

SJ  

£4 

«, 

m „ 

B*    , 

W  1--. 

Bl    ._.,... 

«U    _   ., 

J^ 

s.   *     .    ., 

>a_.„._ 

Si 

IM, .,..„-...., 

35 

m 

jBs ;. 

S3   - 

13   

Hb  ....... 

ar .-.«- 

Ifl         •  .^ 

ffl,_ J 

180 

in   ,  .  ^ 

». 

SET 
ffi 

la >„. 

'       ■         -T 

■ 

"Dischargeof  river  was  obtained  by  measurements  over  woir.s  on  days  when  j^raj^re  heights  a 
not  given. 

Daily  mean  discharge,  in  second-feet,  of  Santa  Ana  canal  <'  heloir  Wannaprinc^ 

Cat. 


D»F^ 

Feb, 

Mar, 

Apr. 

Diiy. 

F^Ij. 

MAr. 

1 

(J 
13 

ir, 
!     IH 
It  . 

M 

}t 
u 

Apr. 

Day. 

Feb, 

Mar,  A|i 

1 

U 
(J 

a 

n 
11 

0 

& 

0 

n 

U 

iri 

tfiJS. 
Si ..,, 

34.. 

..    ..... 

H 

$. . . 

m \..... 

a  .^-. 

s 

14 

u 
II 

2ri 

U  t.^*- 

4, . . 

IS- 

Bfi          ,  ., 

0 

0    «- 

S. ..„ 

16....   ....... 

!fr.,*.,  *  . 

0 

0  *^^. 

6  ,- 

1£ 

IT 

^... 

11 

ft  »♦, 

T_...... 

18_ ..__ 

0  ,*. 

B 

t1 

16 

19.....  . 

'Ai     . 

0  ,^ 

p„ 

20....-,,..... 

ui    :{i 

M. ,„ 

11..-,......, 

■■/■ 

-^ 

0,' 

"I 

21 ^--V^^-^^ 

B«„,,-.. 'i 

\ 

\  ■ 

a  On  days  not  griven  in  aYx>ve  laUe  Ihvire  nm\>^  uo  Ci\^e\mT^e. 
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Rating  table  for  Santa  Ana  River  below  Warmsprings,  Col. ,  for  190 J. 


height. 


Feet. 
1.0 
1.1 
1.2 
1.3 
1.4 
1.5 


Discbarge.  | 

hS^t. 

Sec€md'feet.-- 

Feet. 

12 

1.6 

18 

1.7 

26 

1.8 

36  i 

1.9 

48  , 

2.0 

63  1 

2.1 

Discharfire. 

Second-feet. 
80 
102 
125 
150 
178 
208 


I     Oage 


htt  DischB'^-  h?i'g!rt. 


Feet. 
2.2 
2.3 
2.4 
2.5 
2.6 


Second-fret 

\  240 

!  277 

I  315 

355 
'  395 

440 


Feet. 
2.8 
2.9 
3.0 


Discrharge. 


Second'feet. 
485 
540 
600 


'iitimated  monthly  discharge  at  Santa  Ana  River  and   canal  below    Warm- 

springs,  CaL 

[Drainage  area,  182  square  miles.] 


Discharge  in  second-feet. 


Run-oflf. 


Month. 


1902. 

annary 

'ebmary  ... 

[arch 

ipril 

lay 

one 

^y 

^gnst 

?ptember  .. 

Ptober 

f>vember  ._ 
^mber . . . 


I 


Maximnm. 


Minimum,  i    Mean. 


Total  in 
a<.'re-feot.    ,  Socond-feet 


45 
240 

485 
71 
45 
47 
32 
30 
29 
55  i 
43; 
97  ! 


20 
20 
41 
43 
31 
23 
23 
22 
22 
30 
19 
19 


The  year . 


485 


19 


l-^-J--   "i'n^hef 


I 

24| 

38  i 
79  j 


51 
36 
33 
26 
25 
24 
39 
24 
23 

35 


1,476 
2,110 
4, 858 
3,035 
2,214 
1,964 
1,599  j 
1.537  I 
1,428  j 
2,398  I 
1,428  I 
1,353  I 


0.13 
.21 
.43 
.28 
.20 
.18 
.14 
.14 
.13 
.21  ! 
.13  \ 
.12  I 


0.15 
.22 
.50 
.31 
.23 
.20 
.16 
.16 
.15 
.24 
.15 
.14 


25,400 


.19 


2.61 


be  alx>ve  discharges  include  the  disc^haritres  givon  in  a  separato  tablo  of  Suiit^i  Ana  Canal. 


MOHAVE   RIVER   AT   VICTORVILLE,    CAL. 

\t  Victorville,  a  station  on  the  Atchison,  Topeka  and  Santa  Fo  Kail- 
rd,  the  river  passes  through  a  narrow  gorge,  locally  known  as  The 
rrows.  This  place  has  been  under  investigation  as  a  possible  dam 
J,  and  soundings  for  the  depth  of  bed  rock  were  made  by  the 
ited  States  Geological  Survey  during  the  season  of  1809.  The 
atest  depth  of  bed  rock  was  found  to  be  54  ieot.    T\\^  ^\^\svcycA 


1 


?? 


STREAir  MEAStTREMTCNTS    IK  1902,  PART  TT. 


[Mis, 


drill  show0il  tli*^  rock  to  be  a  fine  gmnite.  A  more  detailed  aci'Quiit^ 
of  ttim  oxplomtioii  will  be  found  in  the  Tweiity-iir?*t  Annual  Reporl, 
Part  IV.  Alwivi*  Tho  NarrovFs  tlie  valley  broadens  into  a  lar^i^e  reser- 
voir t*!te,  but  AS  no  surveys  of  it  have  boon  mado  ilio  capacity  ijs 
unknown.  In  order  to  determine  the  amount  of  i^at4?r  aviiilabk  for 
9t*j rage  for  thit^  i-eservoir  a  gaging  station  was  established  Februat^ 
27,  1899. 

During  190l^  nu  fliKul  pa.s8ed  the  j^a^lng  fetation.     The  eh  a  unci  b  in  | 
eand,  which  is  constantly  shifting.     The  rtnl  remlings  art^  of  little  | 
value  during  low  ?itages.     ISotween  pJanimry  I,  HH12,  and  May  IK  1'*^*-,   j 
the  difeeharge  varied  from  47  to  (57  cuhie  feet  per  seeond,  though  the 
gage  reading  wan  0,9  for  the  entire  time.     At  the  latter  date  the  rod 
readings  were  diHonuttnued, 

The  mean  estimated  discharge  for  each  month  was  obtained  l>y 
averaging  the  discharge  as  obtainefl  by  meter  measurements  matlo 
during  the  month. 


^L              Dischwf^t*^  meamrefn^iU  nf  Mofmve  Rixmr  at  Vidon^l^,  Oa*. 

l_-^ 

Hydrrjgi^jilM?t. 

.SB. 

1 

1902. 

January  'il ,. 

Febmarv  1 .           . ,   . . 

P.H.Letthy ..-. 

._..do _..- 

-do  . .                  .... 

47 

m 

Felrtmary  35, __ 

..^.do 

m 

March  5 .._.,„,.,,,,., 

.      .do 

s$ 

March  39_..,. ,....-. 

....do 

m 

April5 ,.„„.,,,, 

...,do  ,.,.,._... 

«? 

April  19„ ., ,- 

do --. 

^ 

April  26           ..     _., 

do                       . 

4: 

Hay  10 

do 

87 

Maf  S5             .-, .*  -     . 

do                      .  --      . 

4» 

JtmeS ,.     ,.,--.-- 

do .., 

59 

June  3T            •-►- ^*. - 

do                   ^.-.. 

.__-,, 

4: 

July  5                    -  ^^^-. 

do 

S^ 

Jnly36                    ..... 

do 

41 

August  0.,._ - 

August  1  ■'i                           -  _  ^  - . 

.,-  -do ,_„ 

do 

^-..-,,* 

ti 
W 

October  20  . __ 

,__    do  .     -.--    .      -  --.^ 

II 

Octnl>er  30             *....*--.* 

.do  ........ 

4% 

Novemhi^r  10    .,**,*,•,,,*,. 

._..do --^--     - 

IS 

December  11        __  __  _ 

-----do     

du          ,_  .._„ _ 

DecemlKT  t^  ... 

B.G.BeTLnritl * 

I    ^ ^ 

\         m 

] 
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Estimated  monthly  discharge  of  Mohave  River  at  Victorville,  Cal, 
[Drainage  area,  400  aquare  miles.] 


Discharge  in  seoond-feet. 

Run-off. 

Month. 

'H^'«'<T"11*" 

Mlnlmnm. 

Mean. 

Total  in  acre- 
feet. 

Second-feet 

per  square* 

mile. 

0.18 
.15 
.17 
-15 

Depth  in 
inches. 

1902. 

y 

rv 

53 
68 
66 
67 
49 
53 
41 
48 

47 
58 
66 
47 
37 
47 
88 
33 

50 
60 
66 
59 
43 
50 
40 
40 
44 
47 
46 
64 

8,074 
8,332 

4,058 
3,512 

0.15 
.16 

.20 

.  17 

2,644  1            -11 

.13 

2,975 
2,460 
2,460 
2,618 
2,890 
2,737 
3,808 

.13 
.10 
.10 
.11 

.15 

.12 

.12 

iber  « 

-12 

r ._. 

49 
50 
69 

45 
43 
55 

.12  i           .14 

ber 

.12  1           -13 

ber        . . .  _     . 

.16 

.18 

rhe  year 

69 

88 

51 

86,568 

.13 

1.77 

a  Estimated. 

ISCELLANE0U8   MEASUREMENTS    IN    SOUTHERN    CALIFORNIA 
DRAINAGE. 


Ventura 

River. 

height. 
Feet. 

Date. 

Hydrographer. 

Dis- 
charge. 

Sec.-feet. 
2.0 

5.23 
1.5 
Fork. 

Remarks. 

)er  25 

J.  B.  Lippincott 

Matilija,   above   month   of 
North  Fork. 

Below  diversion  of  Ventura 

)er25 

.  .    do 1    

)er  26 

i 
do --.. 

City  water  system,  Cayote 
Creek. 

Power  ditch  near  head. 

North 

Ventura  River. 

yer  *£).... 

J.  B.  Lippincott 

0.33 

In  flume. 

San  Oahri 

el  Rive 

T. 

)erl 

W.B.Clapp 

J.  B.  Lippincott 

0.9 
16.5 
10.6 
19.1 
23.8 

1 

Slauson  well. 

Banta  ditch,  near  head. 

do 

do 

do 

Cate  ditch. 

Standifer  ditch. 

San    Gabriel    River    (Rio 

m  85- 

03 

V2 

STREAM    MJEA80BKIIKirT8    IK    lSJtl2,  FART   IV* 
[Htaharge  mefi^urefi^mitn  of  Ban  Qabriel  JW^er  ut  AxuMa,  Viil, 


(Mltt^    { 


1  °"^ 

H;fdot;rapber. 

DiM^harge. 

BdnuLrkfc. 

V     tfH)a, 

J^«l. 

S^ctmd'f^. 

April  8-..- 

8.G.B*^nett  __ 

1.4 

90,0 
S4.0 

Over  weirs  Sfln  ffabriel 
Puwer  Compitiy  C^tial, 

li 

* 

11.0 

Powet  Company. 

71.0 

Total  flow  of  Ban  Galirie] 
River. 

^Jntift  la 

do.... - 

25.7 

Fl<sw  over  weirs  o(  Sum 

Gabriel  Power  Com* 
pany— total  flew  uif 

tvr^. 

September  1.... 

W.B,Clapp  .,.- 

5.0 

Da 

r 

Dailjf  gage 

height  ^  in 

f^r 

of  San  Gabriel  Htver  at  Azuaa 

,aai 

r  - 

yob. 

M»r. 

Apr. 

Not. 

D»y, 

TBh. 

M^. 

A.. 

KOT* 

W          imt 

m 

w.m 
\,m 

1.66 
1.40 
IST 
1.90 

im 
t.m 

LW 

1.40 
1.80 
l.»> 

LIO 

UU> 
L€6 
l,<j« 

i.ai 

Llfi 

1.10 
1.06 
1,00 
1.00 
nM 

O.IIJ 
0.00 

;; ;;; 

tap 

18Q& 
It...... _.,  _,. 

1.00 

1,35 
LOG 

.90 

,ao 

.90 
1,65 
1.40 

hm 

1.15 
J.  10 

i.a& 

MO 

o.oo 
am 

o.m 
i,n5 
o.tn 

i.„.. 

IS 

s 

IB ...,..._ 

«0.... 

ai...........  .   .   .... 

■- ■— 

g2_.. , ..._. 

£f 

OJIO  '  ..«- 

24     .._              .  .        .„^ 

0,00  j,-.» 

S& 

O.QU  -    - 

10.. .._. 

SB,,, ,„.„ 

i.ai 
1.(11 

0.00 '.- 

11                 _       .  . 

37 .,._.__ 

£8     _ ......,..._.. 

0.110 

aoo 

IS 

IB..... 

gs ,.„,,_ 

..,* 

14 

30                    .          ,     .  ^ 

ifi 

SI..           ............... 

ifi--.„ 

a  River  dry  January  1  to  February  25,  May  1  to  November  10,  aud  November  12  to  December  HI. 
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Daily  discharge^  in  second-feet,  of  San  Odbriel  canals  at  Azusa. 


T — r 

Jul  J] 


IMJ. 


Jul  J  Feb,  H4rJ  Apr.  Mar.ijQjie,  Jidr  Au^f,  B«[it.  Oct^  Not.   Dec. 


m 
m 
m 
m 
m 
» 
m 
m 

m 


m 


40 

IS 
4A 
47 

40 

4il  ss 

m  I  21 


16 

le 
n 

IT 

IS 

S4 
HT^ 
35 
SE£ 
SB 

m 
m 

m 

m 

48 
4£ 

tn 
m 


Rating  table  for  San  Gabriel  River  at  Aznsa,  CaL.for  1902, 


^t. 

1 
Discharge. 

heiglft. 

Discharge,  i 

Gajre 
height. 

Discharge. 

Gage 
heiglit. 

Discharge. 

'A. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

Feet. 

Second-feet. 

.8 

4 

1.5 

37 

2.2 

128 

2.9 

288 

9 

7 

1.6 

44 

2.3 

147 

3.0 

318 

0 

10 

1.7 

52     1 

2.4 

167 

3.1 

350 

1 

13 

1.8 

63     1 

2.5 

188 

3.2 

384 

2 

18 

1.9 

77     ! 

2.6 

210 

3 

24 

2.0 

93     i 

2.7 

234 

.4 

30 

2.1 

110     1 

2.8 

260 

STREAM    MEASlTREMEJ*Tt3    IN    IW2,   PART    IV, 


t» 


Santti  Ann  IHver — C!!ant)ntutfi. 
HILL  flREEK. 


mi 


m 


nfa^m^ph^T     1^1 


Dli*^ 


B.(l. 


6.g; 

.....do „ 

V-B-Clajip.., 


G.II 


Old  ^njK* 
tJrKncKEi  ciiziaL 


il,n      TntAL 

IAS    I  lVnft4iTi  weir^  tiital lltrK 

ins    I  OM  Cfti^A*  tot&L  flow. 


I 


R^tuiifi  waie^r  to  Satitn   Arm  HiPt*r,  iffiturnl  Jiotr  in  sit^cond-feet^  trompared  h 
devtitqmt  water  in  San  Utrnttrdino  Valley,  ctbovv-  CoJto^i. 


D&ie. 


i3C«pt*?mber  :** 
Beptcmlicr  SIJ 

Ootolwr  ir* . . . 
rk  tobMr  13  . . 
Oitt^jWr  Iti  - . 

October  T 

October  13... 
October  U.-. 

OfUibeTT 

Octolier  14  ._. 
SeptembfT  W 

Q0Jit^Ulhi}T  'ft 

Of  toln^r  7 , ,  _ 
Of^borT.,,- 
Octobcr  7 

Seiitetnlwr  gSi 
October  U  .,_ 
October  11 ,.. 
Oetob*wtl  . 


LftK^utlmt. 


HAboldam .....^_*_ 

i  Stuy  or  Btoot  dttm ., 

I  McKinssle 

Beam 


D«Y«t> 


RlTpTHldf*  Water  Co.^supiK^r  imnul .  .^.*.„.-,,^,„__^^. 

dtij,'!' *tfliuil,liitftko  Sautft  AniL  Kiv<*r, . 

f » itk^<'  J  H-itmU  ftumt'  nvt^r  rittkd  Redlautli^  Pass ...... 

I-riur-.«li:in  ^  Fftrrt'll .....^...^ ...-i.; 

WhitlrK'k..... ..^. -,. _. 

Tmley  .  ...^ -.,,, ,.,„.„.,.-, 

Jtclutyro .  „ ,.,, , -,,,-, 

Whiting.. ___... ...__._. ,.. 

Bwnmp  ..... ._... 

Ranchuro  &  Bloomingtup „,^,,,,,-....^....^*... 

Wftrd  &  Wflrren . ^.. _...__....__..   . 

Mill  flame.  Hiverfildo  W&tet  Cks,.. ^...._.. 

Mill  immp.  RlT^rmdo  Water  Co .....  *  ...^  i.  .„*^  .^i._ ... 

t:^iDp  CftHkrti. -_.... ,..^__....,  ,..        ,,..,   , 

Colt^^m  T*?rrft(!o  Water  C'n....  ..^., _....,. ,,,,,,,..„,._, 

City  of  Crtltnu  pumphiic  plant..  *;. . .  .*.,*i ..  .,^i.. 

Me«*l£j^  &  DaliT  <l"t^-l> -..,, -  *... 

Wfwt  Rlvi*i>,idp  r^i-inch  pniQ|jini^  plant ^  ....*.* .  - 

Bcfrt'errt  pumtiiuii;  pliuii . _  . . 

^ntu  AniL  El  ver  fluiiic^^Rirnr^de  putupil)^  plfftllt  Nu  J 
BantA  A  oa  Hi  vert!  ttawSt  R  iV«rflld*'  ptmii»loi?  pb  n  3  r  K  ^  i* 


m,m 


mai 


NwttKnl  1^ 


1.30 


Ti>taL 


W1JI9 


am ' 
moo 

n,  ill 
aoo 

Q.OU 
0.00 


1,58 


19,10 


38.52 


NOTK.— Tln'  Wost  Rivrrsi(l(>  fliiino  currios  t]i<'  \v 

Slant,  a  ix>rtion  of  the  water  piimjH'd  by  th<*  Rcl,' 
leeks  &  Daley  water;  for  tliese  reasojisit  is  not  ii 
Tlie  (iage  canal,  Palm  Avenm'  weir,  ami  Blooi 
running  in  the  Riinchero  ditrh. 
East  RivorHide  Irri^tition  District  or  the  Rivevs\^\*V\\'^\v\v\u\\\\\v\v>Y  Vu.vuuuin^  2.7se<-on<: 
oror  weir  in  fiinnei,  and  i)iimping  dirr'i't  int<»  th«' iuvv\u  \V\vo  ^>.>V^\v  vwv\  v>l  \\w\\\«A.  vvv\*?  v«»s 
plant  Dot  runiunK. 


ter  punip-a  l)y  th.- West  Riverside  .TiO 
i*s  pmnjumr  i>luiit.  and  alwi  a  i>ortion  o 

UnltMl  iin«l»Ta  ^jnH-ial  heading. 

JTiu'ton  tliniK'  toi'Ti  out.  Hlooiuiu^ton  v 
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Mum  icater8  in  San  Bernardino  Valley  below Slover  Mountain  andalnyve  River- 
side Narrows,  Santa  A  tut, 

[K.  Sanborn,  hydrogrrapher.] 
Date.         '  LocaUon.  |  clS^. 

Stc.-feet. 

September  3..    Santa  Ana  River,  at  Rincon  wagon  bridgre "75.00 

September  29.1  Riverside  Water  Co.  flam©,  at  head  of  lower  canal 3.07 

SeptemlxT  29.    Rubidonx  canal 7.19 

September  29. '  Evans  ditch,  at  north  line,  Riverside  canal 2. 17 

September  29.    Evans  ditch,  1  mile  sonth  of  Riverside  (*anal  line '  0.  r^i 

September  29.    Evans  Island  ditch,  at  west  end  of  West  Riverside  liridgo 5. 35 

September  29.  •  Alvetriz  ditch,  at  east  end  of  West  Riverside  bridge 1 .  96 

OctoberlO j  Santa  Ana  River,  at  Riverside  Narrows 43.25 

I  Total 63.52 

!  "W.  B.  Clapp. 

COIiUMBIA  RIVBR  DRAIXAGK  1JA8IN. 

Next  to  the  Colorado,  Columbia  River  is  tlie  largest  river  in  the  arid 
region,  its  drainage  basin  ineliiding  parts  of  Washington,  Oregon, 
Idaho,  and  Montana  and  a  large  area  in  Canada.  The  Columbia  and 
ite  numerouH  tributaries  are  of  great  importance,  offering  good  sites 
for  water-power  development  and  an  abundance  of  water  for  irriga- 
tion, while  the  main  river  is  navigable  for  a  considerable  distance. 

A  great  part  of  the  water  of  Columbia  River  and  its  tributaries 
flows  to  waste,  not  being  utilized.  This  is  due  to  the  fact  that  the 
river  has  cut  so  deeply  into  the  lava-covered  plains  tha^  water  can 
not  be  diverted  except  at  points  near  the  mountains,  where  the  streams 
are  of  small  size  and  have  not  yet  entered  the  deeply  incised  canyon 
in  the  plateaus.  The  following  rivers  are  tributary  to  the  Columbia: 
Umatilla  River  rises  in  the  well-wooded  country  in  northeastern 
Oregon  and  flows  in  a  general  westerly  direction,  entering  Columbia 
River  below  the  mouth  of  Walla  walla  River.  The  country  north  of 
Umatilla  is  high  and  rolling.  A  number  of  canals  divert  water  from 
the  lower  course  of  the  stream  to  irrigate  lands  on  either  side. 

Yakima  River  has  its  source  in  Keechelus  Lake,  on  the  eastern 
slope  of  the  Cascade  Mountains,  in  Kittitas  County,  Wash.  Within 
a  short  distance  it  receives  the  waters  of  Kachess  Lake,  and  2.V  miles 
above  Clealum  it  receives  the  outlet  of  the  last  of  the  three  large  head- 
water lakes.  It  enters  Columbia  River  23  miles  below  Kiona,  Wash. 
Naches  River  has  its  source  on  the  eastern  slope  of  the  Cascade 
Mountains,  in  Yakima  County,  Wash.  It  flows  in  a  general  south- 
easterly direction,  entering  Yakima  River  a  short  distance  above 
North  Yakima.  Irrigation  is  practiced  in  the  narrow  valley  along  the 
lower  course  of  the  river,  but  its  waters  are  of  greater  value  for  the 
irrigation  of  lands  west  of  North  ^'akima.     The  rVv^v  \va^  e.o\i^\vi^\^\fe 
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fiiU  lind  lh«  watc!r  cut!  oaail)*  tn?  diverted  by  meaii^  af  compiinitlvelj 
«borl  canals.     For  this  n?asoii  it  in  of  more  value  fr>r  t rri giLtlon  p> 
poses  than  Yakiinn  River,  whieh  has  less  fall. 

Tie  ton  River  is  the  ]>rinri|ml  tribuUiry  of  the  Naches  River  an 
discharges   into   the   latt-er  about   17  miles  above  its  junciiuu  witli^ 
Yakinui  River,  near  Xorth  Yakima.     Its  &ou!xre  is  in   the   Casciwlt! 
M o u  n  t-a i  u s  i  n  tli t*  v i e  in  i t y  of  Co wl i tz  I'ass .     A  pe c n  lia r  f  ea t ii  ro  of  tin* 
8tr3anj  is  the  turbid,  milk-wliite  appearance  of  the  water,  it  Wiig 
aimilar  in  fhis  respet'st  tjo  Whii-e  RivoFi  on  the  western  slope  of  thfi 
Caseadt*  Kan^e,     The  water  of  the   South    Fork  of  the  Tieton^ 
miles  abov<?  the  mouthy  is  however,  perfeetly  clear.     The  forktj  h 
111  the  glaciers  of  a  peak  of  the  t 'astMides  knowia  locally  as  Goat  Rock. 

Spokane  River  rises  in  the  north<frn  part  of  Idaho,  being  the  otil- 
let  of  Lake  Coeur  d*Alene.  It  imsses  into  Washington,  flown  m  a 
northerly  direction,  and  enters  Columbia  River  near  latitude  47*^  t^f 
north.     It  is  about  120  miles  long. 

Missoula  River  has  it«  souix^e  in  Silverbow  County,  Mont,,  &M 
flows  northerly  nutil  it  receives  the  waters  of  Little  Black  foot  Riv*'-r, 
^hcn  it  takes  a  more  northwesterly  course.  The  name  Missoda  i."* 
usually  applieil  to  that  portion  of  the  river  between  the  junetiou  of 
Blaekfoot  and  Hellgate  rivers  and  the  month  of  Pend  Oreille  Hivpr, 
From  that,  point  U*  its  junction  with  Columbia  River  it  is  called  Clark 
Fork  of  ColumbUi* 

The  source  of  Bitterroot  River  is  in  the  high  ]nount.ains  which 
form  the  boundary  line  between  I^  ton  tana  and  Idaho,  It  flow.s  in  a 
northerly  dii'eetion,  entering  Missoula  River  a  short,  distance  below 
the  city  of"  Missoula.  The  tributaries  on  the  east  side  drain  compnr- 
stively  low  hills  and  contribute  little  to  the  supply  of  the  river.  T\ii' 
west  side  branches,  on  the  contniry,  are  nunierons,  draining  a  pn^ 
cipitous  and  heavily  w<KKled  area.  Their  <1if*charges  are  n*g!datwl 
by  many  small  lakes  fed  by  banks  of  snow,  vsiiieh  continue  far  iiilo 
the  summer  before  disapi>earing  altogetlier.  From  il  ami  I  ton  to  Mis- 
soula, a  distance  of  48  miles,  the  fall  of  the  river  is  350  feet,  or  7.3 
feet  to  the  mile. 

Snake  River,  w^liich  is  the  largest  affluent  of  llio  Columbia,  rises  <m 
the  sonthern  slope  of  the  tVintinental  Divide  in  the  Yellowstone 
National  Park,  tl raining  the  count ly  west  and  southwest  of  Yellow- 
stone Lake.  From  Shoshone,  Lcwes^  iirid  Hart  l>akcs,  near  it-s  liea:i. 
the  river  flows  in  a  southerly  direction  through  a  timl>ered  iiiui 
raotuitai  nous  country,  resulting  in  a  long  period  of  high  water,  Xfu^y 
continuing  through  this  firea  for  about  2(^  miles  it  broadens  into  JfU'k- 
Bon  Lake,  a  deep  body  of  water  about  3  miles  wide  and  8  miles  long- 
Below  the  lake  the  river  ilow^s  through  Jackson  Hole  Valley— aliont 
40  m lies  1  o n g  a n d  S  m ilo s  w i< 1 1* — ami  then  en t e rs  a  1  < >n g  c any o n  n ea v 
the  Idsho- Wyoming  line.  All  of  the  birge  tributaries  come  from  tlio 
e/i*/^  receiving  their  wat4ji*H  from  \\\^r>  >V\Tvd  'R.w^t  W^^wi^y^.  '^W.^v^d 
side  of  tlw  vnUey  is  bounded  Ivy  Uiii  \\\)i\\  Te\m\  ^\(mi\V.v\\\^  A^'^^^^v^^^<^^^v 
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most  of  the  drainage  flows  westward  through  Tieton  River  into  North 
Fork  of  Snake  River.  It  empties  into  Columbia  River  near  Pasco 
Junction,  in  the  State  of  Washington. 

The  headwater  tributaries  of  Palouse  River  have  their  sources  in 
western  Idaho.  After  passing  into  Washington  the  streams  unito  to 
form  Palouse  River,  which  has  a  general  southwesterly  course, 
through  a  rolling  country.  Six  miles  below  lIooi)er,  Wash.,  the  river 
bends  suddenly  to  the  south  and  enters  its  canyon,  Ihrougli  which  it 
flows  until  its  junction  with  Snake  River.  A  short  distance  above  the 
mouth  of  the  river  are  the  Palouse  Falls,  approximately  130  feet  high. 

Weiser  River  drains  Washington  County,  in  the  extreme  western 
part  of  Idaho,  and  flows  into  Snake  River  at  Weiser,  Idaho. 

The  Boise  drains  a  mountainous  and  w^ell- wooded  country  in  Elmore 
County,  Idaho.  The  effects  of  the  forests  are  shown  in  the  high  flow 
that  is  maintained  throughout. the  summer  season,  iu  contrast  to  the 
discharge  of  Weiser  River,  farther  to  the  west,  which  drains  a  nioie 
barren  country.  Below  the  gaging  station,  which  is  located  in  the 
canyon,  a  large  number  of  canals  divert  water  to  irrigate  lands  in 
Boise  Valley.  The  diversion  of  the  water  is  now  so  gr(»at  that  fre- 
quent complaints  of  scarcity  are  heard. 

Bruneau  River  rises  in  northern  Nevada  and  flows  in  a  general 
lortherly  course  through  southern  Idaho,  emptying  into  Snake  River 
it  a  point  about  south  of  Boise.  Fall  River  is  one  of  the  small  tribu- 
aries  of  the  Snake  River  at  its  headwaters  in  eastern  Idaho.  The  f ol- 
owing  list  includes  the  stations  in  the  Columbia  River  drainage  basin: 

Umatilla  River  at  Gibbon,  Oreg. 

Yakima  River  at  Kiona.  Wash. 

Yakima  River  at  Union  Gap,  Wash. 

Naches  River  near  North  Yakima,  Wash. 

Tieton  River  near  North  Yakima,  Wash. 

Spokane  River  at  Spokane,  Wash. 

Missonla  River  at  Missoula,  Mont. 

Bitterroot  River  near  Grantsdale,  Mont. 

Palonse  River  near  Hooper,  Wash. 

Weiser  River  near  Weiser,  Idaho. 

Boise  River  near  Boise,  Idaho. 

Bnineau  River  near  Graiidview,  Idaho. 

Snake  River  at  Montgomery  Ferry,  near  Minidoka,  Idaho. 

Snake  River  (North  Fork)  near  Ora,  Idaho. 

Fall  River  near  Marysville,  Idaho. 

UMATILLA   RIVER  AT   GIBBON,  OREO. 

The  station  at  Gibbon,  Oreg.,  was  established  July  *Jl\  1.^00,  and  is 
>cated  one-half  mile  west  of  tlu^  railroad  station.  Tlie  g^^g^*  J'<>d, 
^hioh  was  located  one-quarter  of  a  mile  below  the  railroad  station, 
^as  carried  away  by  a  freshet  in  May,  but  the  bench  mark,  a  cross  in 
lack  paint  on  the  highest  point  of  tlie  rock  to  which  the  rod  was 
istened,  still  remains.  It  is  4.40  feet  above  daUuvi.  TW  s\\\\\v?i  '^Q^^^ 
9o  carried  away  the  entire  equipment,  conBisiing  oi  a  fv\^^\^\\\>cv-\\\^\ 


eable  with  ^mv^  supports,  tAg,  and  «tay  wires.  These  werc^  all  renewed 
on  September  10,  Kt02.  Tlit?  cable  is  situatecl  ono-half  mikr  beluw  the 
riiilitjad  station  in  its  original  position.  ChangtM  in  tiie  channel 
neyessitaled  the  selection  of  a  better  location  for  1  he  gage  rod  a  few 
hundred  feet  nearer  to  the  cable  and  one- fourth  of  a  mile  l>elow  lb 
railroad  station,  A  new  wire  gago  was  established  (><'t^>ber  :}i^  IW 
It  consists  of  a  horizontal  rod  attached  to  a  beam  i>rojeetin^  ov*t  3  he 
wat^r  and  spiked  to  the  top  of  the  eribbini^^  on  the  left  shore  alKHit  H) 
feet  north  of  I  he  railroad  track.     The  length  from  the  end  of  the  wH^it 

the  marker  is  l+.'j*iii  feet  and  the  distance  from  the  ontsiiL'^'flLrrH! 

\e  pulley  to  the  zero  of  the  (jaj^e  Bt^ale  is  iiJi2  fe<*t*  The  btMich  !iiurl 
%  a  spike  on  the  top  timber  of  tlip  cribbing.  Its  elevation  is  8.31  fp€t 
ilK>ve  the  zero  of  the  new  ga*^(\  The  initial  jKJint  for  soundingH  laik 
face  of  the  tree  to  which  the  cable  is  att^R^hed  on  Ihe  right  Imnkof 
the  stream.     The  channel  is  straight  and  the  bed  is  of  gravel. 

The  following  discharge  measurements  were  made  during  IQO:*: 

July  21 :  Qagp  beigtit,  0,91)  foi^l;  discharge,  130  aecond-feet. 
fVtijher  2i>:  Gage  height*  fK65  foati  diachar^.  106  secDud-fet*t. 
Decemher  20:  CIh^^  height,  LftO  feet;  discbarge,  3H1  set'ond-ft^et, 

Diiilff  gugf  i wights  in  feet ^  of  UimiHUa  River  at  Oibbon^  Orrg, 
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ting  table  for  Uniatilla  River  at  Gibbon,  Oreg,,for  1903, 


icharge. 

hd«S^. 

1 
DischATge. ' 

Gage 
height. 

Feet. 

Discharge. 

Oage 
height. 

! 

Discharge. 

•ond-feet. 

Feet. 

Second-feet  ^\ 

Second-feet. 

1     Feet. 

Second-feet. 

50 

!       1.4 

330 

2.8 

1,100 

1      4.5 

2,555 

63 

1.6 

412    . 

3.0 

1,255 

1       5.0 

3,055 

78 

1.8 

502     i 

8.2 

1.415 

'       5. 5 

3,555 

98 

2.0 

600    1 

3.4 

1.575 

6.0 

4,055 

135 

2.2 

707 

3.6 

1,735 

190 

.       2.4 

826 

3.8 

1,895 

1 

256 

2.6 

1 

957 

4.0 

2,055 

1 

lated  monthly  discharge  of  UvMtilla  River  at  Gibbon^  Greg. 
[Drainage  area,  *i&^  square  miles.] 


Discharge  in  second-feet. 


I 
Maximum.    Minimum. 


350 

1,735 

890 

2,015 

3,a55 

957 

707 

135 

175 

206 

526 

1,415 

3,855 


190 
190 
412 
526 
992 
175 
135 
124 
124 
106 
106 
330 

urn 


Mean. 


Total  in  acre- 
feet.  Swond-feet 
1  \rer  square 
mile. 


284 
801 
541 
1,140 
1,767 
348 
228 
128 
136 
155 
302 
668 

r)42 


I 


Run-off. 


17,463 

44,481 

33,265 

67, 835 

108,649 

20, 707 

14,019 

7,870 

8,093 

9,531 

17,970 

41.074 

31)0,  i)57 


0.80 

2.27 

1.53 

3.23 

5.01 

.99 

.65 

.36 

.39 

.44 

.86 

1.89 

1.54 


Depth  in 
inches. 


0.92 

2.36 

1.76 

3.60 

5.77 

1.10 

.75 

.42 

.44 

.51 

.96 

2.18 

20.  77 


186 


fciTHi:AM    MKASIKKMKNTS    IN    Vm,   PART    IV, 


{mtfL 


YAKIMA    EITER   AT  KIONA,  WASH. 

This  Station  la  the  lowest  point  at  which  meai^iirement^  have  bwti 
Tuade  on  Yakima  River,  and  i8  located  at  the  wagon  bridge  one-fourlli 
mile  north  of  the  railroad  stilt  ion  at  Kiona.  The  gtige  was  established 
August  i*U,  1895,  and  eon^iist^d  of  two  partes,  one  vertical  and  th^  othfif 
inelinod  at  an  an^le  of  30°,  It  Wius  spiked  to  the  t^*jt  end  of  the  ^outli 
pier  and  anchored  with  rocte.  The  initial  point  for  sound ines  i»  on 
the  west  side  of  the  bridge,  liM)  feet  south  of  the  center r  of  the  smith 
pier  of  the  main  span.  The  channel  for  about  2(Xi  feot  both  ahove 
and  below  the  station  is  nearly  straight  and  the  water  is  ipiite  swift 
The  right  bank  is  low,  but  is  well  protected  by  a  levee,  and  uotsub^ 
ject  to  overflow.  The  4 eft  bank  is  high  and  rocky.  The  bed  oftte 
stream  is  of  gravel  and  affords  an  excellent  cross  section  for  discharge 
measui'enients. 

A  wire  gage  was  afterwards  placed  on  the  lower  side  of  the  bridge- 
The  distance  from  the  end  of  the  weight  to  the  index  marker  is  27,21 
feet.  From  the  end  of  the  rod  to  the  out^side  edge  of  the  pulley  wheel 
i  t  J s  ^  f e e t,  iV  n e  w  Ite n c h  ni a r k  w as  e st-a bl  i  sh ed  i ti  1 9 o L  It  is  tl le  top  ol 
an  iron  spike  in  the  east  end  of  the  cap  of  the  fimt  trestle  bent  of  ih< 
bridge  approach  on  the  south  side  of  the  river.  The  elevation  of  tb 
bench  mark  above  the  xero  of  the  gage  is  -0.53  feet  and  above  sea  leve 
474, 24  feet.  The  top  of  the  2-inch  pulley  wh€*el  of  the  wire  gage  is  4.6t 
feet  rtbovt*  thiss  iNi^rich  mark.  When  the  itKirkcr  oa  the  wiix'gagel 
at  zero,  the  bottom  of  the  weight  has  an  elevation  of  453.71  feet. 

Discharge  meaftiirements  of  Yakima  Hivrr  at  Kicrua,  Wash. 


Date. 


Hydrd^mpber. 


1902. 

March  25. |  Sydney  Arnold 

April  11 do  .. 

June  12 -  do . . 


June  23 

July  11   

September  2. 
October  21  .. 


.do 

-do 

-do 

do 


Gaffe 
height. 


6.00 
7.70 
9.  00 
H.  00 
6.45 

2.i)r> 


Dischargt 
Second-fee 

4,1c 

7,oe 
9,e)- 

8,3t 
4,1 
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Daily  gage  height,  in  feet,  of  Yakima  River  at  Kiona,  Wash, 


D»y. 

itm. 

Feb.  Mar.  1 

Apr. 

May  J 

JUQfi. 

iJuly. 

Aug. 

Wpt. 

Oct. 

Nov.    Dec. 

mm, 

t „ 

1-ve   ift 

135     fl.^ 
6.30    n.»i 
lifi  1  14£ 

tlW  ;  0.75 
ITT)  ,  tt.l» 
iTtr '  ".» 
«.«4     7.7(J 

ir.NG     ]0.00 
190'    9.tt) 

1 
(a)      5.00 
ra)       4.96 

1 

,  2.98 

2.K) 

'  2.95 

\  2.94 

3.78 
3.95 

3.90 

1 
4.31        5.15 

L.....  .  . 

4.%       5.52 

I.... „.„ 

ft.9Q      **,KB  1    ((t)    1  4.82 

4.:i8        5.93 

i..,., 

l^,U  i  5.fl> 

O.Wi 
laOTj 

10  40 

»J«  '    (a) 

4.7:} 

4.70 

4.40       6.70 

i.^. 

fi,7D 

0^00 
9.15 

110 
100 

its 

100 
IQB 

;2.«*|  3.80 
2.90     8.72 
2.1)0     3.68 
2.«0     3.65 
2.«)     8.  ft") 
2.88     8.rK) 

4.40       6.50 

t....    „      _  ...,-..„ 

t!F.3)       (b>    1  4.  a') 
**jr»      (6j    1  4.70 
MJI7      (/')    .  4.K() 

rW      ('')    14.85 
MJK      (/>)    1  4.72 

4.42       6.36 

4.5.8       6.15 

1 

4.58  ,     5.95 

l„   .,         ..   .._     .  .. 

4.m       5.90 

KL....^__... 

4.78        .5.85 

11 

h.43 

iri5 

«.«!    7.::i 

IIKINI 

».<«)     6.45     4.5.") 

2.88     8.(J5 

4.^)2        .5.85 

lt.-.-,„.._. 

KIO 

S,lft 

fl.a     7.«fi 

B.ISU  ;  7.35 
ft.  410    7ja 

11.40 
ll,flfl 
1L4I» 

7.H5  ;  6.43  i  4.81) 

,    7.11)     0.42     4.22 

7.7W     6.4<)     4.10 

2.88  .  8.ft5 

,  2.S8     8.65 

2.88     W.VA 

2.W)    8.6:j 

5.05  ;     .5.70 

BL     J 

5. 12       5. 60 

Ml. .._ 

5. 18        5.  .50 

tt.^ 

U.ai  '    7.71)     6.20  1  3.1»T 

5.20      .5.:« 

i..... 

T.te 

A  1fl 

«,50 

7.0(J 
7.L& 

njl>  '    7.415     (J.26  ;  3.JW 
10. 05  i    l.m     fi.2H     HST) 

2.98     8.70 

8.00     8.78 

1  8.00     8.80 

5.22       5.30 

tr„„:::;:  "'""1 

a,  75  1  7.(10 

5.31        .5.25 

a. ,. 

10,  JW 

7.42  ^  6.25     8.H5 

.5.:^8       .5.30 

M.. 

6LflS 
dflO 

7,10 
7.111 

T.SO 
7.S0 
T.flfi 

18@ 

1% 

1J30 

IB 

7.85 
T.40 

8  JO 

10.40 

7  art  '«  IK  1  8  78 

8.0:J     8.82 
8.01     8.87 
8.08     8.85 
8.08     8.88 
:t  .H     3.90 

5. 70        5. 14 

»..,^. 

1B3  1    7.:»»     «.(W  1  8.70 
W.45       t"^       ^5.09     •^.«> 
ft.  L'i  1     (a  t       6.  :fr<     8.  r»2 

5. 75        5. 07 

a**  .„„  ....  .,  ...„ 

5.  (15        4. 97 

t..„. 

5.5.5        4.92 

■....,,,.. 

l£l 

H.ll)     6.24     8.45 

6.40  1     4.86 

a 

,,^^„^ 

ifia .  A,% 

«(.a^ 

a.  75 

fl.4A 

(a)       6.14     3.35 

^riu     3.82 

5.34  1     4.80 

m. 

Q.S&    «.7g 
5.0t)     6.50 

100 
110 
110 
113 

9.10 

9.30 

19.40 

O.OD 

7.67     6.02  1  3.16 

:;  l;ii     4.00 
f -U     4.07 
:e   -     4.13 
.i  ;n    4.18 

5.30  1     4.90 

it... 

7.^ 
7  6B 

5.92  1  3.13 
5.82  1  3.10 
5.66  1  3.08 

6.27  '     4.99 

%. 

6.24  1     .5.30 

^  -..,..... 

5.20       .5.52 

a».-_. 

fi.ao _ 

lao 1 

llfi 
11& 
110 

B.tiS 

11.  &) 
11.  »i 

lO.K'i 

7.42 

7.44) 

5.42     3.06 

5.27  1  2.9K 

.    5.15  1  2.98 

3.58     4.22 

3.65     4.25 

; 4.27 

Gage  broker 

5. 15       5  70 

iL_;     "1 

5.  \0  '     5.68 

a.-. 

1 

1     6  10 

- "1 

a 

Observer  absent. 

& 

1. 

Rating  table  for  1 

'akima  Ri 

ver  at  Kiona,  W 

ash. 
rge. 
-feel. 

for  l'JO:J. 

Gage     '  J. 
1   height.   1^ 

[*•■ 

Discharge,      j^^^ 

Discharge 

1 

1 "     ' 

1  Second- fee 

Gage 

height. 

Dl»cha 

•ischargo. 

/    ^Vpf. 

Second-feet.  I     J^ecf. 

r.l      Feet. 

"Second 

!      Feet. 

s 

ecwid-feet. 

/      2.8 

200      1       5.8 

1       8,310 

1       8.8 

9, 340 

'      11.8 

17, 480 

f     :io 

270 

6.0 

1      3,630 

"'      9.0    ! 

9,780 

!     12.0 

18,080  : 

3.2 

370 

6.2 

3, 970 

'1       9.2     1 

10,240 

!     12.2 

18,680     , 

3.4 

490 

6.4 

4,320 

11       9.4     i     10,700 

,     12.4 

19,280 

3.6 

620 

;    6.6 

4,680 

'       9.6     1     11,160 

12.6 

19,880     1 

8.8 

760     1       6.8 

5,060 

9.8     1     11,620 

12. 8 

20, 480     1 

4.0 

910     1'       7.0 

5,450 

i     10.0     1     12,080 

13.0 

21,080     1 

4.2 

1,070 

7.2 

5.a50 

1      10.2     1     12,680 

13.  2 

21,680     1 

4.4 

1,260 

7.4 

6,270 

i;     10.4     \     13,280 

1     13.4 

22, 280     1 

4.() 

1,490 

7.6 

6.700 

j;     10.0         13,880 

!     13.0     , 

22,880     j 

4.H 

1,760     1       7.8 

7,140 

i:     10.8 

14, 480 

1     13.8 

23,480     1 

.').  0 

2,060 

8.0 

7,580 

'i     11.0 

15.080 

!     14.0 

24, 080     ' 

5.2 

2,365 

8.2 

8,020 

i;  11.2 

15,680 

1     14.2 

24.680     ' 

5.4 

2,675    II      8.4 

8,460 

i   11.4 

\6,2B0 

I  u.^. 

*i.^,^m    \ 

rt.e 

2.090     /      8.6    1 

8  (in(\ 

i'    11  ft 

1ft  Aft(\ 

\\ 

\ 

,1     ** 

1         ' 

\ 

Ib8 
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^ttiimnted  jntjfjithlif  duchanje  of  Yakifiia  Rivtr  at  Kinnn,  WoMk. 


1 

Total  in 

Wm<M. 

^^t               Mouth. 

MairftimtiTii 

TtfltiimTini. 

HsHti. 

1.^ 

.70 

,t^2 
1,31 

1,42 
,81 
.10 

.06 
.15 
.41 
.56 

■  Jammiy  

■  February  . 

August  ,  -  - 

_  September  -  -^ .    . ., . 

■  Octolier,.,. 

K  Kovember  .    . 

H  Dec<*inb*ir  - * , , , 

1U,13J> 
5,850 
4,870 
11,785 
]0,HHO 
12,0»0 

2,060 

t,138 
3,230 

4,S70 

500 

IJ^ 

3.030 

4,055 

10J25 

«,060 

2,38fc* 

202 

2M 

Wl 

K170 

1,700 

# 

6,414 
3,063 

4.381 

18,388 
T,  410 
4,245 
1,009 
30^1 
808 
3,134 
2,017 

»tl4,3^1 
203,433} 
263,228 
408,734 

823, 106 

441,283  1 

381,015 

62,041  j 

18,030 

49.0H2 

r>6,»83 

17^,358 

H           The  yett£-^..J 

ii^aeo 

Bd4 

4.454 

a,aei,^4 

.85 

1 

YAKIMA   RIVER  AT   UNION   GAP,    WASH. 

Yakima  River  enters  Columbia  River  just  above  the  town  of  Pa 
The  first  measurement  of  the  river  was  made  at  this  point  on  Au{ 
14,  1893.  At  that  time  there  was  an  old  vertical  river  rod  attache 
the  central  pier  of  the  bridge.  As  the  foot  of  this  at  low  water 
covered  by  rock  and  could  not  be  read,  an  inclined  gage  was  pii 
position  at  the  west  end  of  the  county  l)ridge.  This  consisted  of 
pieces  of  timber  having  a  total  length  of  21  feet.  These  were  fir 
secured  to  timbers,  bedded,  and  loaded  with  rock.  The  gage  rod 
painted  white  and  lettered  in  vertical  feet  and  tenths  of  afoot.  A 
this  new  gage  was  located,  it  was  ascertained  that  the  readings  on 
old  gage  would  be  1.13  feet  higher  than  on  the  new.  The  zero  of 
new  gage  was  19.02  feet  below  the  top  of  the  rail  of  the  Nortl 
Pacific  Railroad  immediateljMvest  of  the  west  end  of  the  bridge,  w 
was  about  40  feet  from  the  gage.  The  high-water  mark  at  that  1 
showed  that  a  flood  had  risen  to  H.SO  feet  on  the  old  gage.  Read 
at  this  point  were  begun  on  October  2,  18'j;),  and  continued  during 
following  winter  and  spring  until  May  ]'>,  1.S04.  Owing  to  the 
struction  of  the  gage  by  floods  the  station  was  for  a  time  abandoi 
During  August,  1895,  Arthur  P.  Davis  visited  the  locality  and  foi 
that  the  section  was  not  f avora\^\ii  lov  wvaWvwj;  Oi\^<i\v«^\'^<^  \xieasi 
wents.  He  accordingly  select eA  Ww^  pvv^sv^wX.  s\v\VVm,^\v\v?w\^V* 
at   Union  Gap,  G  miles  below  ISiovVAA  XaVywuv,  \s  a^\\,,?v.vi^\,^ 
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below  the  highway  bridge.  It  is  about  3  miles  above  the  intake  of 
the  Sunny  side  eanal.  The  gage  rod  is  inclined  and  is  attached  to  a 
willow  stump  and  posts  set  in  the  ground.  The  bench  mark  is  the 
highest  i)oint  of  a  large  rock  mound  43  feet  north  of  the  gage  and 
6.5  feet  east  of  the  ft!nc4.%  and  is  at  an  elevation  of  17.52  feet  above 
gage  datum.  The  equipment  consists  of  cable,  car,  and  tagged  wire. 
The  station  is  of  value  as  it  is  the  only  point  near  the  large  irrigated 
area  above  and  below  which  is  unaffected  by  the  taking  out  of  water 
in  irrigating  canals. 

Discharge  measurements  of  Yakima  River  at  Union  Gap,  Wash. 


Date. 

Hydrographor. 

1902. 
Julyo..              _ 

Sydney  Arnold 

September  3 

.      do        ....              --     . 

November  3 _ . . 

do 

Qasre 
height. 

Discharge. 

Feet. 

Second-feet. 

6.  75 

5.352 

4.10 

917 

4.55 

1,391 

Daily  gage  height^  in  feet,  of  Ynkitna  River  at  Union  Gap,  Wash. 

July.  I  Aug.  I  Sept.  Oct.  !  Nov.  I  Dec. 
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f*mi(^ 


^Rating  ((thlefor  Ynkifna  Biver  at  Union  Gap^  W€ish,,/tfr  I^if. 


Di«ct]&rge, 

DSpdsftrve^ 

1^^. 

Di»rJiftrgn. 

I»MMr|i». 

Ff^t 

S^eond-feM. 

^^f. 

SiefXMid^yVwr. 

fk*f. 

Secmit-ft^t 

¥^t 

SffffWrJmt^ 

CO 

H30 

5,d 

3,150 

7.6 

7,800 

0.4 

1.^,0^1 

i.t 

UU20 

6  J) 

3,550 

7.8 

8,500 

9«« 

w,m 

4.4 

K2S0 

e,s 

a,om 

S.0 

9.900 

9.8 

n,m 

4,  a 

U4riO 

ft.4 

4,450 

8.3 

10.  mw 

10.0 

17,700 

4.a 

tfiftO 

e.e 

4.6m> 

8.4 

10,  aw 

10.5 

r3,o 

t.JMO 

«.d 

5,450 

a.  a 

a.noo 

ILO 

5,2 

$.810 

7.0 

5,»50 

8,8 

12,400 

11.5 

21,490 

5.4 

2,m)() 

7.3 

fl.550 

0.0 

Vd.WO 

13,0 

fifi,™ 

5.e 

S,S10 

7.4 

7,150 

1  " 

14.100 

4Mc4i«niisme(tite  mad*  aim^  this  tKbl«  vb«  constrtsr^«d  ebcFW  thst  It  la  corr^oi  bdowt  pi| 
lialglit  uf  K>00  foei;  »bove  th»t  heisht  the  disch^rgv  «tvon  tn  tto  tik1>le  U  tcu  low, 

S^tf'mct^^d  monthttj  fim^harge  of  Yakima  Ritier  at  Union  Gap,  Waah, 
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NACHES  RIVER  NEAR  NORTH  YAKIMA,  WASH. 

This  station  was  established  August  14,  1893,  by  F.  II.  Newell,  at 
a  point  a  few  hundred  yards  above  the  mouth  of  Naches  River, 
near  the  bridge  of  the  Northern  Pacific  Railroad.  The  vertical  gage 
▼as  nailed  to  the  cribwork  on  the  right-hand  side  of  the  river,  above 
the  railroad  bridge,  and  could  be  read  easily  from  the  track.  The 
12-foot  mark  was  9.97  feet  below  the  top  of  the  rail  on  the  bridge,  the 
gage  being  about  CO  feet  easterly  from  the  rail.  The  top  of  the  iron 
pier,  on  the  southeast  end  of  the  county  bridge,  was  5.87  feet  above 
fchis  12-foot  mark.  Measurements  were  made  from  the  county  bridge. 
Fhe  locality  was,  however,  not  favorable  for  the  purpose,  as  the  water 
s  very  swift,  and  was  broken  by  the  piers  of  the  bridge.  Owing  to 
he  difficulty  of  securing  accurate  measurements  the  readings  were 
iiscontinued  on  September  20,  1894,  and  not  resumed  until  August 
9, 1895.  The  flood  of  November,  1896,  modified  the  channel  very 
Teatly,  depositing  a  large  mass  of  coarse  gravel  and  small  bowlders 
long  the  right  side  of  the  channel  at  the  section,  so  that  the  rod  was 
bout  50  feet  from  the  edge  of  the  water  at  low  stages.  The  cur- 
ent  is  swift,  even  at  low  water.  On  account  of  the  instability  of 
he  channel  the  station  was  abandoned  in  February,  1897,  although  a 
lumber  of  discharge  measurements  were  made  during  the  season. 
[Tie  station  was  located  below  the  heads  of  a  number  of  ditches, 
day  19,  1897,  a  station  was  established  on  Yakima  River,  5  miles 
ihovQ  the  mouth  of  the  Naches,  at  the  Northern  Pacific  Railway 
>ri(lge  near  Selah,  Wash.,  with  the  idea  that  the  difference  in  dis- 
charge between  this  station  and  the  one  at  Union  Gap  would  give 
approximately  the  discharge  of  Naches  River.  Two  ditches,  those 
>f  Moxee  Valley,  are  taken  out  between  the  two  points,  but  their 
imount  is  about  counterbalanced  by  that  received  from  Atanum 
l^^reek  and  the  wastage  at  Old  Town. 

The  North  Yakima  station  was  reestablished  on  February  1,  1898, 
ind  the  station  at  Selah,  on  Yakima  River,  was  discontinued.  Since 
4e  reestablishment  of  the  Naches  station  the  river  channel  has  been 
n  a  condition  more  favorable  for  meter  observations  than  formerly, 
discharge  measurements  are  made  from  the  lower  side  of  the  high- 
way bridge.  A  new  horizontal  gage  rod,  with  wire  and  weight,  was 
ttached  to  the  main  span  of  the  Northern  Pacific  Railway  bridge 
t  the  mouth  of  the  Naches,  a  few  hundred  feet  downstream  from 
ie  highway  bridge.  The  length  of  the  gage  wire  from  index  to 
>otof  weight  was  30.41  feet.  The  pulley  distance  was  5.844  feet, 
te  elevation  of  top  of  pulley  was  24.57  feet.  The  bench  mark 
"as  the  top  of  the  north  end  of  east  sill  of  clearance  posts,  about  150 
^et  north  of  Northern  Pacific  Railway  bridge.  Elevation,  23.7<)(;  feet 
fcove  zero  of  gage.  On  December  27, 1898,  Mr.  Arnold  connected  the 
i^'iif-ar  bridge  with  this  bench  mark.     The  top  ol  V\v^  wo\W\^^^V 
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concrete  pier  was  found  to  be  at  an  elevation  of  22*01*  feet,  and  the 

t^p  of  the  bridge  jiosit  at  the  150- foot  mark  at  an  elevation  of  i'>-7S 

feet  above  Kero.     The  diMance  from  the  top  of  the  post  to  the  surface 

of  the  water  ha*i  been  carefally  measured  at  each  discharpfe  me^une- 

raent,  so  that  the  exact  river  height  at  the  highway  bridge  in  known. 

On  iTune  20,  ]9i>l,  the  gage  rod  and  bench  mark  havniig  been  dia- 

tnrlMid  during  alt-erations  to  the  railromJ  bridge  and  approacht^St  ft 

new  4*ineh  by  4-inch  inclined  gage  nwl  was  cstablislied  on  the  left 

bank  of  the  river,  30  f6t>t  downstream  fn>m  the  railroad  bridge.    The 

bench  mark  is  r.S.G.S.     B.il.  established  by  H,  8.  Crowe.     It  is  a 

copper  plug  marked  '*1090  T,"    Its  elevation  is  1,089.950  feet  hhm 

|i^  level.     It  is  located  on  Xaehes  River  opposite  the  point  whei* 

fit  empties  into  Yakima  River,  in  the  center  of  the  west  end  nf  ttie 

►  Btouc  pier  of  the  railroad  bridge.     The  elevation  of  the  zero  of  tin 

^jngsis  1,070.:22  feet  al»ove  sea  level.     The  initial  point  for  measure 

fwS6fM  is  the  center  of  the  east  pier  of  the  highway  bridge.    Tb 

lower  section  of  the  gage  iml  is  inclined  at  an  angle  of  36°  3(>'  witl 

i  the  horizontal*     The  uxiper  section  is  inclined  at  an  angle  of  80 ^ 

Owing  to  unfavorable  t*ondition8  at  the  highway  bridge  due  te  tk 

aceiiniulation  of  drift  and  a  changing  channel,  a  cable  station  liaa 

lieen  established  between  the  highway  l>ridge  and  the  railway  brieljiie, 

A  ean*f  nl  measurement  under  favorable  conditions  made  in  VMX\  at 

the   lu^w  5<tatiiin    made   by  Geo.  H.  Bliss  gave  a  distf^harge  of  1^1 

seconil-feet  at  5.25  feet  of  gage  height,  , 

DtRt^harge  medantreineiitH  of  iVriWjw)  River  near  Ntirth  Yakima.  Wa^h^ 


Dat*5. 


1902. 


April  14 

April  JM)...,. 

May  8 _  - 

Jnne  13 

AngHBtaa... 
August  28  - .  - 
November  4. 


HydrtwfTBpliet" 


Sydney  Arnold . 

do  . 

do         ...,. 

.,.  -do 

_,. ,do  --     

do  _- 

...do.  


Hftiglit. 


6.8.5 

7.  SO 

7,80 
5.  SO 

5.45  I 


Dweburp 


Silt 

0 


a  UottMtu^  ut  yc^lBi^n  bridge.  4  mX]&i  sbove  gm^iiifi  «ttAU<iiii, 


I 


IVELL.] 
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Daily  gaffe  height,  in  feet,  of  Naches  Riv^er  tiear  North  Yakima,  Wash. 


^T- 

Jftn. 

Feb. 

Ukr. 

Apr. 

«l30 

6.iO 

e.ao 

6.30 
6,30 
6.W 
150 

7,00 
7.» 
7.«J 
6.1)0 

6,  TO 

0.70 

fl.m 

O.fiO 
7,40 
7.50 

8.fln 

W.tR 
T.tii 
7,80 

7.  TO 
7.00 
7.50 
7,50 
7.45 
7.40 

7.ao 

7.80 

Mtij.  JwanfjJxdjAXug. 

Bept.  Oct. 

1 
5.20  1  5.44) 
5.to    5.40 
5.  to  i  A.  40 

Nov, 

5.50 
5.  to 
.•i.TO 

Dec. 

IHtt. 

L- .-,...- 

L .„. 

a.  SO 

fi.m 
aw 

T.ifi 

T.fiO 

8.10 

7.m 
7.m 

T.4(J 

i.m 

A.  TO 
6.60 
fl,50 

a.4& 

0.40 
0.40 

0,30 
«.30 

aao 

ft.  BO 
fi.00 
fi.flO 
&.iO 

fiwflO 

&.«0 
5.80 

5.70 
6.70 

a,  70 

5.7(1 
5.70 

USD 
0.40 

a.  80 
aao 

i,80 

a.ff» 

0.4U 
0.45 
0.50 

0.W) 

0.60 
0.5D 
0.40 

7.90 

7.10 

H.IO 

7.  to 

7.  to     0,to 

7.  to  :  0.10 

0.to 

0.40 

l_., _.„ 

7.  to    7.00    7.20    0.«m 

0,^ 

L.            .      .-.,-..„. 

7.20  i  7.40 
7.»J  1  7.40 

7. to   n.m 
7.10   a.  to 

A.  10    1^  40    5.to 
5,10    5,  to    5.  to 
5.10    (vto    5.5I» 
hVi  !  A.  to  '  RSn 

0,]O 

l_ ..... 

6.10 

L„„ ,„ 

7.50  [  7.S0 
7.0)  '  T.30 

7,05    5.  to 

7  no  !  5  to 

0,ffl) 
5,115 

L -... 

8.90  !  7,70    6,90  '  h.m    5.10    fi,aO  '  5.110 
8.70  .  8.10  !  fl.80     5,80  1  5,10     5.80  '  5.W 

».m   8.m  >  6.80   1^,80  1  5 JO  '  ii.:hi   Hjn 

8.85    8.£0  ;  6.80  [  fi.80    5.10    5.9}  !  6.11) 
K.aO  i  8.10     6.80  '  5.70  ,  5. 10  '  5.S»  '  6,m 

5.  to 

1 

b,to 

4.10 
6.10 

0,10 

""■^r"' "' 

8.80 
S.80 
8.70 
K,«J 
8.60 
tt.»T 
8.10 
7,80 
7.8f> 
7.7tJ 

I.m 

0,10 

a.  £5 

ft.  40 

a  no 

7,  to     6.80  i  5,70  l'5,10  'ft,  to     6,W» 
7.80     6.80     5.fiO  1  ,'V.OG  '  5.0)     6.10 
7.75  ,  6.80  !  5.W  1  5.00  i  5,30  '  6.10 
7.10  I  6.80     5,5lf  !  5.lir  S.to  !  6.S0 

6.10 
6.00 

-"  " ' 

5,  ao  1  0,  in 
e.nf   0.90 
7.00  ,  «.ao 
7.00  'fi.an 
0,00   fl.3in 

5.  to 
5.80 

7.70'  fi.80 
7.70     0.70 

I.m   0.70 

5.50    5,00     5,40     fl^ST* 
5.50    5.0fi  '  5,50  1  0.40 
5.50  '  5  111     5.50  '  6  :tt 

5.  to 

5.70 
5.70 

0.70 
6.70 
6.70 
6.70 
6.70 
6.00 
6.00 

6.£U 
6.3S0 
«.S0 
6.t5 
6.10 

0.10 

0,10 
0.10 

0.10 
0.10 
0.10 

0.10 

im     0.70     5,4(1  ,  5,(IJ     5,50  1  6.10 
7.00    0.70  15,40    5.00     5.G0  '  6.(H) 

5. 70 
5.7t) 

1 

7.HI>    0.70     5.10 

8.m(  0.70  n.m 

8.10  ,  0,to    5.H0 
8.10  :  0.60  '  5,80 

j.m  '0.50    5, to 

7.to     0.40     5.to 

5,00    0.10 

5.00 

5.70 

L„^„  . 

5.tJ)     5.40 
5.00  1  5.40 
5.00     fi.40 
5.  to  '  5.40 
5.  to  '  .5.40 
0.40     5.10 
5.50  !  5.40 
5.S0'  5.40 

l**" 

5,00 
ft.  to 

5.  to 

5.80 
ft.  to 
ft,  70 
S.70 
5,% 

5.80 

5.80 

L............. .-- 

I --. 

r_ 

fl.OD 
6.») 
6.00 

!_.. , .„ 

»,.,._.      . „ 

».4o  1  :.oo   0,90   5.  a) 

U.20  '  7.45     0.»^    5.  so 

6.50 
0  40 

D. 

a...._ ..| 

fi.flO 

:::::: 

8.W 

8.ai 

7.ao 



A.  to 
6.  to 

ft,  to 
5.  to 

e,40 

0.to 

Rating  table  for  Naches  River  at  North  Yakinui,  Wash.,  for  1002. 


Discharge. 


Gage 
height. 


Second' feet,\\ 

200  ij 

300  1! 

425  II 

570  II 

735  II 

920  11 


IRR  85—03- 


Feet. 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 

—13 


Discharge. 


Second-feet 
1.125 
1,350 
1,595 
1,860 
2, 152 
2,580 


Gage 
height. 

Diwiharge. 

Feet. 

Second-feet. 

7.4 

2,950 

7.6 

3,360 

7.8 

3,810 

8.0 

4,370 

8.2 

5,010 

8.4 

5, 650 

Gage 
height. 

Feet. 
8.6 
8.8 
9.0 


Discharge. 


'  Second-feet, 
I       6, 290 
6, 830 
7,470 
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I 


Mfintli. 


JanaMiy  . , 
Pebrtuiry  .. 

Mart^h 

April  

Mfty  ,.,,„, 
Jubc  , .  ^ . .,  - . 

jiay 

Angnat 

Sppt4?iiiber  _ 
October  -  _ , 
Kov^tuber  _ 
DeoembcT  . . 


k 


The  f^ir . 


DistthnFis^  lA  second-fMilu 


Mnxlmtiin.    Iflnimnxa. 


8.7.10 

t,?«0 

1.1*5 

495 

1.350 
8,750 


7m 

h03i> 
1,125 
a,  2*1 1 

1.109 
»t)0 

«oo 

650 


aof) 


Total  In  ac^^o  j 


K2I0 

1/211 
2.  oris 

51. 783! 

eso 

»T5 


mile. 


Dvplhia 


iiy.47t> 

74,4111 
1124,  m 
U«.44€ 

33.H1)» 

ad,sso 


1,740  '  1,305,899 


I, IN 

L21 

i,:2i 

2.04 

3.73 
1.^ 


im 

.45 

LIS 
^.7S 


TIETON   RIVER   NEAR   NORTH    YAKIMA,  WASH, 

Tho  ^agin^  station  on  this  stream  wjis  cstablisliecl  April  U,  Ilinj, 
at  a  point  iinniediately  below  thu  mouth  of  Oak  Creok,  in  soc.  3,  T.  1 A 
N.,  R.  16  E.  of  the  Willamette  meridian,  and  about  22  miles  from 
North  Yakima  by  road.     The  gage  rod  is  inclined  at  an  angle  of  55*^ 
with  the  horizontal  and  is  on  the  left  bank  of  the  stream.     It  consists 
of  a  1  by  5  inch  cedar  plank  supported  and  braced  by  stout  log»- 
The  equipment  with  which  measurements  ai-e  made  consists  of  a  five- 
eighth-inch  galvanized-iron  cable  supporting  a  wooden  car,  tag  wire, 
and  stay  wire.     The  initial  point  for  soundings  is  a  cross  chiseled  in 
a  ledge  with  a  black  ring  painted  around  it.     It  is  under  the  cable,  ^ 
feet  east  of  the  west  shear  legs.     The  observer  is  Omer  Tetherow,  » 
farmer.     There  are  no  side  channels  and  the  banks  are  not  subject  to 
overflow.     The  bed  of  the  stream  is  rocky,  witli  shifting  gravel  bars, 
which  make  it  difficult  to  find  suitable  cross-sections  for  meter  meas- 
urements.    The  point  selected  for  the  station  is,  however,  a  fairly 
good  one,  and  the  channel  is  straight  both  above  and  below  the  station 
for  several  hundred  yards. 
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Discharge  measurements  of  Tieion  River  near  North  Yakima ,  Wash. 


Date. 

Hydrographer. 

Qacre 
height. 

F^et. 
8.90 
8.55 
8.45 
7.30 
6.90 
6.55 
6.80 

Discharge. 

1902. 

}1            . .              

Sydney  Arnold  ...   

do 

Second-ftret. 
1,471 

58          

1,106 

6-            

do -. 

906 

jt  25           - 

do 

392 

Qber  16 

do 

306 

er  27 

do 

228 

Qber  29 

.do                         .    - 

289 

Daily  gage  height,  in  feet,  of  Tieton  River  near  North  Yakima,  Wash, 


Day. 


1902. 


Apr. 


May.     June.     July.  ,  Aug.      Sept. 


8.5() 
8.40 
8.40 
8.30  I 
8.:*)  I 
8.30  ! 
8.20  i 


8.10 
8.00 
8.00 
8.00 
8.10 
8.40 
8.80 
9.40 
9.00 
9.75 
9.00 
9.60 
9.40 
9.40 
9.40 
9.60 
9.25 
9.05 
8.85 
8.70 
8.(i0 
8.70 
8.70 
8.80 
9.00 
9.45 
10.05 
10.20 
9.«5 
9.:«) 
9.05 


8.85 
8.70 
8.55 
8.45 
8.40 
8.40 
8.40 
8.70 
9.25 
9.30 
9.30 
8.95 
8.90 
8.85 
8.85 
8.90 
8.fi0 
8.<J5 
8.65 
8.80 
8.90 
9.(« 
9.:*) 
9.  Hi 
9.2:^ 
8. 88 
8.75 
8.(53 
8.50 
8.tt2 


8.«0 
8.4:^ 
8.30 
8.35 
8.60 
8.28 
8.13 
8.13 
8.20 
8.30 
8.25 
8.25 
8.10 
8.13 
8.28 
8.40 
8.20 
8.13 
8.25 

s.:i5 

8.40 

H.:«) 
8.:«j 
8.2:} 

8.13 
8.  10 
8.18 
7.9t^ 
7.80 
7. 73 
7.95 


7.98  1 

7.8:^  I 

7.70 
7.68 
7.68 
7.68 
7.83 
7.88 
7.75 
7.70 
7.56 
7.65 
7.53 
7.53 
7.48 
7.43 
7.33 
7.23 
7.18 

7.a.; 

7.2:} 

7.28  I 

7.28; 

7.35 

7.22 

7.25 

7.15 

7.20 

7.10 

7.10 

7.05 


Oct.    I  Nov. 


I 


7.10 
7.12 
7.15 
7.20 
7.13 
7.20 
7.38 
7.26 
7.18 
7.16 
7.05 
7.a3 
6.93  i 
7.00  ' 
7.(6  I 
6.95  I 
6.87  I 
6.82  I 
(i  85  I 
6.82  I 
6.75  , 
0.75  I 
6.72  I 
6.75 
6.72 
6.72 
7.27 
7.(«  I 
(i.88  I 
(J.Ki  I 


I 


6.80 
6.75 
6.75 
6.73 
6.73 
6.72 
6.75 
6.75 
6.72 
6.75 
6.75 
6.73 
6.68 
6.70 
6.70 
6.90 
6.9:^ 
6.80 
6.70 
6.70 
6.65 
6. 70 
6.60 
((.(iO 
6.60 
6.60 
6. 60 
6.70 
(5.75  I 
(5.^5  , 
6.65  i. 
I 


T..   I 


6.60 
6.73 
6.80 
6.70 
6.60 
6.65 
6.75 
7.23 
7.33 
7.18 
7.13 
7.08 
6.95 
6.9:^ 
6.90 
7.13 
7.45 
7.:i5 
7.18 
7.13 
7.(6 
7.00 
6.93 
(5.95 
6.90 
(5.85 
(5.85 
6.85 
6.80 
6.85 


Dec. 


7.45 
7.30 
7.25 
7.08 
7.00 
7.00 
7.00 
7.00 
7.50 
7.33 
7.23 
7.10 
6.95 
7.00 
7.48 
6.65 
6.63 
(5.58 
6.96 
8.80 
6.90 
6.85 
(5.68 
7.40 
8.10 
7.60 
7.50 

7.:« 

7.25 


,H6  STHKAM    MEAsrRKMKNTH    IK    liMfJ,  PABT  TV*  (i».l 

W      Hating  tnhit*  for  Ti**htn  Hii^rr  nrfir  Snrth  Vdfeiiiuf,  VlVutfc,^  fftr  fiffiii^ 


i-Vrf. 

6.4 
0,ft 

7.0 


I 


l3Mh»fv«J 

'^. 

Ilto»tn»ff«M 

liel^iltt 

i^cimttfeifl. 

Fwf. 

&rT)1tcl-/N^ 

#WI. 

m  1 

7.2 

872 

;    8.4 

IIH> 

T.4 

430 

1      8,0 

900 

T.O 

4M 

8.8 

340    1 

7.8 

TifiO 

9.0 

tm 

8,0 

040 

a,  SI 

"1 

B,%    1 

750 

9.4 

W""""^  t  h'SSt 'w-*-» 


1100 

l,5fl0 
S,070 


9.0 

9.8 

10.0 


3,530 


i 


JCiitimuteti  immthijf  (Hnt^hargt^  uf  7%tr>M  Rit^r  tumr  North  Vahima.  Wtttk, 
I  DrttliiHgc  urea,  SW  winiu^  ntltea.] 


r 


Month, 


I 


1902. 


Dlncluu^e  lu  second-CeeA. 


October.---^ 

NovemT»©r. . . 
December .  . 


1,980 

IJIO 

6^ 

SfiO 

1.1150  I 


ipllifriwywyyii 


e4o 

900 

S89 
209 
S86 

L>40 
i>3« 


It  (SHU. 


i,37a 

779 
450 

4(»9 


Totnllit 


io4aoo 
at,ooo 

47,900 
37,  870 

UK  404) 
16, 290 
19,  KH) 

arK  130 


Biiuf<Hf. 


Bwond- 

CLn*t  per 


4.77 
3.70 

1.56 
1.1.5 

1,11 
L43 


SPOKANE   KIVEK    AT   SPOKANE,  WASH. 

The  falls  at  Spokane,  ag^regatint?  142  feet  in  height,  have 
utilized  to  a  considerable  extent  by  a  number  of  flour  mills,  i\s  Wk 
by  the  power  plant  of  the  Washington  Water  I^ower  Company,  w 
furnishes  electric  power  for  the  street-ear  service  and  for  the  ligl 
of  the  city.  The  river  station  established  by  C  C.  Babb,  Octobc 
1896,  is  a  short  distance  .above  Spokane  Falls,  at  the  bridge  of 
Oregon  Railway  and  Navigation  Company.  The  rod  of  the  fii*st 
gage  was  fastened  to  the  upper  guard  i-ail  in  tlie  west  span  of  the  bri 
The  distance  from  the  end  of  the  weight  to  the  index  was  22.0() 
and  from  the  zero  of  the  rod  to  the  outside  edge  of  the  pulley 
feet.  The  gage  was  connected  with  a  bench  mark  of  the  city  < 
neering^  department  and  referred  to  sea  level,  the  rod  datum  I 
1,880  feet  above  sea  level.  The  channel  is  straight  for  some  disti 
above  and  below  the  section.  The  bed  is  gravelly  and  is  practi< 
unchangeable.  The  banks  are  high  and  are  only  overflowed  du 
extraordinary  floods. 
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ring  1901  new  gages  and  bench  marks  were  established  at  this 
The  bench  mark  is  a  railroad  spike  driven  into  the  electric- 
pole  close  to  and  on  the  south  side  of  the  railroad  track,  at  the 
end  of  the  bridge,  at  an  elevation  of  1,8I)0.S(»  feet.  The  new 
cage  on  the  north  side  of  the  west  span  of  the  bridge  is  the  one 
for  recording  the  gage  height.  The  zero  of  this  gage  is  at  an 
ion  of  1,879.35  feet,  coinciding  exactly  with  the  i)osition  of  the 
>f  the  old  gage.  The  distance  from  the  end  of  the  weight  to 
arker  is  22  feet,  the  same  as  for  the  old  gage,  but  the  distance 
the  zero  of  the  rod  to  the  outside  edge  of  the  pulley  is  now  1.00 
As  a  safeguard,  a  new  vertical  gage  rod  has  also  been  placed  on 
est  face  of  the  west  pier  of  the  bridge,  the  datum  of  which  cor- 
nds  with  that  of  the  wire  gage. 

i  Oregon  Railway  and  Navigation  Company's  bridge  to  which  the 
is  fastened  and  from  which  measurements  of  flow  are  taken,  has 
under  reconstruction  during  1002,  so  that  no  gagings  could  be 
during  that  year.  The  bed  of  the  river,  however,  has  not  changed, 
he  1901  rating  table  is  applicable  for  the  1002  discharges. 

Daily  gage  lieight,  in  feet,  of  Spokane  River  at  Spttkane,  Waah. 


D»y. 


1V«. 


Jul. 


a«o 
%m 

a.  so 
aso 

a.  30 
a  so 

a.  90 

4.ai 

4.45 

4.70 
4.W 

4,TU 
4.TIJ 

i.ao 
4.Jifi 

i  4.«i 
'  4.30 

\  4.a() 

'  4.20 
I  4.10 
'  4.05 
I  3.95 
'  3.  HO 
3.70 
A.m 
'  3. 45 


Fab. 


%1A 

%va 

3.00 
SLflU 

tM\ 
tBO 

t.m 

a.  75 
t.»y 
s;.H5 

3.  (15 
3.85 
3.95 
4.U) 
4.10 
4.30 
4. :« 
4.50 

4.  (SO 


Uht. 


S.2U 


:■/« 


47t) 
tT5 
4.W 
4.  HO 
4.W 
4,7u 
iM^ 
4.  TO 
4.74) 
4.70 
4.711 
4,70 
1,70 
I.TU 
4.75 

^.:o 

4.  VI^ 

A.ik) 
4.50 
4. 45 
4.4<) 
4.Ji') 
4.JJ5 
4.20 
4. 15 
4.10 
4.JI5 
4.00 
3. 90 
;/.  HTy 


lipr,  M»y.  Jtin«).  July.  Aujf-  Sept.  Ottt. ,  Nov.'  IXv 


a:o 

am 
a  70 

a75 

^.m 

4JU 
4,4."^ 

4.70 

5.  lit 

ri.uu 

5.00 

I  5.U) 
I  5. 10 

I  5.:«) 


tsjui 

4k  (Wt 

a  (ft 

fl.lYi 
6.05 

6. 15 ; 

«.40  \  7. 
6.(50  '  7, 
6.95  I  7. 
7.30  j  7, 
7.40  7. 
7.60 


m  I  4.55 
40  I  4.45 
9}  i  4. 45 


I 


5.«0 
5. 90 
(5.00 
6.(»5 
({.10 
»i.  (6 
(i.(r> 
6. 05 


I 


s.oo 

H.35 
H.40 
8.50 
8.50 
8.55 
8.70  ;  5 
9.05  5 
9.40  5 
9. 70  5 
9. 80  5 
9. 80  5 
9. 70  4 
9. 70  ;  4 
9.  70  !  4 

9.70  I.. 

I 


4.55 

4.85 
6.05 
6.45 
6.]N) 
7.(fi 
7.10 
7.(J5 
6.95 
6.80 
CJ.65 
6. 50 
6.:«l 
6.1.1 
5.U5 
5.75 
5.60 
5. 4."» 
5. 35 
5. 10 
5.00 
4.90 
4.70 
4.50 
4.40 
4.:*) 

4.ai> 

4.W> 


!  3.80 

'  3.75 

3.65 

3.55 

,  3.45 

3.40 

I  3.30 
3. 10 
!  3.05 
I  3.00 
I  3.95 
I  3.90 
I  3.85 
J3.75 


-I.;.; 


3. 

'(» 
3. 65 
3.60 
3.  (JO 
3. 50 
3.50 
3.50 
3.5(1 
3. 45 

3.:r> 

3.^5 

3.:>» 
3.:i5 


2.15  I 

2. 10  \ 

2.(6 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

l.J« 

1.90 

l.W  \ 

1.90 

1.90 

\M) 

1.85 

1.85 

1.80 

1.80 

1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

\.1t» 


1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

1. 75 

1.75 

1.75 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.70 

1.65 

1.60 

1.60 

1.60 

1.55  , 

1.55 

1.55 

1.50  \ 

1.50  \ 

1.50 

1.60 

1.60  ' 


1.70 

1.70 

1.70 

1.75 

1.75 

1.75 

1.75 

1.75 

1.90 

3.25 

3.50 

3.60 

3. 70 

3.80  ' 

3.85  ' 

3.«) 

3.90 

3.00  ' 

3. 10  > 

3.30  j 

3.30  I 

3.35  I 

3.35  j 


3.35 
3. 15 
3. 15 
3.05 
3.00 
3.95  j 


I 


\ 


8.00 
3.00 
8.05 
3.(6 
3.06 
3.(» 
3.(r> 
3.00 
3.00 
3.(6 
3. 15 
3.35 
3.:i5 
3.50 
3.55 
3.50 
3.45 
3.45 
3.  :r) 
3.35 
3.20 
3. 15 
3. 15 
3. 10 
3.06 
3.06 
3.05 
3.05 
3.10 


-\' 
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i^afzri^  table  far  SjHikane  RiPtrr  at  SfM*k(im\  Wa*h.,/fjr  IBQi. 


l^t. 

ni»iGtattrir&. 

luil^. 

DlMdattt««/ 

iSsi 

Dteciiftrv*, 

Fmt 

MiJMHI^M^ 

Jhmi. 

¥^t 

i^rfxmd-frft 

ua 

1,841 

s,e 

6.323 

6.6 

14.2SS 

0.4 

n,mi 

L» 

1,611 

4.0 

7,000 

B.8 

14,885 

0.6 

24.531 

V.4 

1,8B7 

4.2 

7,4^ 

7.0 

15,525 

0.8 

%%/m 

1.0 

2.  mi 

4.4 

r,owi 

7.  a 

10, 173 

mo 

26.01^ 

t.i 

2,517 

4.B 

H.IHJSi 

7.4 

in,K20 

10*  S 

2«.75»   i 

a,o 

1S,H51 

4.8 

&.0£8 

7.6 

17.41M 

10.4 

27,riifi 

s,s 

3.2041 

iSJ) 

9.505 

7.8 

18J65 

10.6 

38,363 

S.4 

S.5fl6 

5.3 

10.114 

a.o 

IS,SI5 

m^ 

t!0,{Bl 

3.6 

:i  iMO 

ft*  4 

10,67^ 

8,fl 

io,5aa 

11. 0 

20,7S7 

2.8 

UJ?4rt 

n.6 

u.im 

8.4 

m.^m^  ' 

n.9 

m,m  , 

B.O 

4.  T41I 

5.8 

11,^24 

8.fl 

30,038    1 

11.4 

,11.825   1 

!i.a 

5  J  73 

0.0 

12,416 

s.y 

si.oafi 

11.6 

^2jm 

8.4 

n,64l0 

(J.  3 

]:i,019 

0.0 

23,S51 

u.a 

^,}^ 

H.6 

6.050 

6.4 

18^631     i 

0.2 

2J,073 

IS,0 

m,fm 

Eaiimatftl  nw^ithl^  dimliarge  of  Spokane  River  at  Spt^cane^  Wmk. 


Montb. 


January  , ,, 

February ^^,- 

March .<.--... 

April --- 

May  *„^ ,.,,,, 

Jnne-,.- - 

July. ^.--^ 

Angn«t - 

Se[itember . 

Oct<>l)©r .._.--.-._.. 
November  . ,......, 

December .,_. 


DlicbarKis  in  aocsodd-teut. 


Maxlmttm. 


The  year . 


8,764 

8,/308 

0,02« 

12,710 

25, 360 

24,531 

15,848 

6,52a 

3,113 

2,437 

5,046 


25,260 


MlnimanL. 


5, 173 
4,341 
6,  52:t 
0.2H9 
12,418 

8,im 

7.(MW1 
3.2<M) 
2,437 
2,04^ 
2,3.1^ 
4,740 


H^n. 


fi.  750 

5,453 

8,215 

I),61H 

18,558 

15,110 

11,333 

4,464 

2,647 

3,280 

4,  OKI 

5,115 


iii*rH-f*N?t. 


2,046  I     7,788 


415, 5&5 
3(>2,H44 

57^i,3n 
1.141,087 
8&0,107 
090.075 
374,481 
157,. 'j07 
140,745 
3aH.012 
:514,.50JI 


5. 051.004 


Rim-uff, 


t.60 
1.30 
3.05 

2.40 
4.63 
5.77  j 
2.80  I 
Ml 
.66 
.  57 
1.00 
1.28 


1.04 


DppthUt 


1.9Q 

1,42 
3.58 

.74 

1.12 
l^ 

36,47 
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MISSOULA  RIVER  AT  MISSOULA,  MONT. 

This  station,  established  July  10, 1898,  is  located  at  Higgins  Avenue 
bridge  in  Missoula.  The  river  at  this  point  flows  in  two  channels, 
and  in  order  to  study  their  fluctuations  a  second  rod  was  placed  on 
the  south  channel  January  28,  1899.  This  second  rod  is  vertical  and 
attached  to  the  pier  of  the  bridge.  The  readings  of  the  two  rods  were 
made  to  correspond  on  the  date  of  the  establishment  of  the  second 
rod.  The  original  rod  is  known  as  rod  No.  1,  and  the  gage  in  the 
south  channel  is  known  as  rod  No.  2.  Discharge  measurements  are 
always  made  at  the  bridge  of  the  Bitterroot  Valley  division  of  the 
Northern  Pacific  Railway,  some  distance  lielow  the  Higgins  Avenue 
bridge.  The  river  at  this  point  is  practically  in  one  channel,  except 
in  times  of  flood,  when  some  water  finds  its  way  through  a  slough  600 
feet  south  of  the  bridge.  On  account  of  the  difficulty  of  accurately 
measuring  the  fluctuations  of  the  river  at  rods  Nos.  1  and  2  a  third 
rod  was  placed  May  27,  1899,  below  the  junction  of  the  two  branches 
and  150  yards  east  of  the  railroad  bridge.  The  rod  at  this  point  con- 
sists of  a  horizontal  20-foot  timber  bolted  to  a  cottonwood  tree  imme- 
diately below  the  buildings  of  the  Garden  City  Bottling  Works.  The 
rod  is  securely  braced  with  timbers  both  above  and  below  and  guyed 
by  wires  on  l)oth  sides.  To  the  horizontal  timber  is  attached  a  wire 
gage,  the  length  of  which  is  22  feet.  The  bench  mark  consists  of  a 
United  States  Geological  Survey  iron  post,  at  the  junction  of  McCor- 
miek  and  West  Cedar  streets,  100  yards  east  of  the  gage,  on  the  north 
side  of  the  highway.  Its  elevation  above  sea  is  3,194.642  feet.  The 
top  of  the  horizontal  bar  of  the  gage,  at  a  point  exactly  over  the  iron 
bolt  which  holds  the  rod  to  the  cottonwood  tree,  is  3,178.338  feet.  The 
freight  of  the  river  was  read  at  the  three  rods  during  1899,  but  all 
inbeequent  readings  have  been  made  from  No.  3. 

During  1902  the  following  discharge  measurements  were  made  by 
1  B.  Waters: 

April  24:  Gkige  height,  4.61  feet;  discharge,  2,570  second-feet. 
April  24:  Gage  height,  4.59  feet;  discharge,  2,542  second-feet. 
July  12:  Gage  height,  5.97  feet;  discharge,  5,302  second-feet. 
Aag^ast27:  G^e  height,  4.02  feet;  discharge,  1,941  second-feet. 
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iJaity  yug^  hfiahit  infeei,  of  Mi^atyula.  Biver  at  Missoula ^  Mont, 
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Rating  table  for  MiHsoula  Rii^er  at  Misstuda,  Mont,,  for  1902, 


Gage 
height. 

Feet. 

Discharge. 
Secijnd-feet . 

Gage 
height. 

Dis<;harge. 

luM^'ht. 

Fvi't. 

Discharge. 

i 

Gaare 
height. 

Feet. 

Discharge,  i 

Fet't. 

Second-fee  t. 

Svcntul-feet . 

Second'feft. 

8.4 

1,525 

5.2 

3.610 

7.0 

7,695 

8.8 

12,a50 

3.6 

1,650 

5.4 

4,010 

7.  2 

8,  2(K) 

9.0 

13,475 

3.8 

1,780 

5.6 

4. 435 

7.4 

S,  750 

9.2 

14,120 

4.0 

1,940 

5.8 

4. 875 

7.r> 

9,  250 

9.4 

14,725 

4.2 

2,115 

6.0 

5,325 

7.S 

9,S10 

9.6 

15,4-25 

4.4 

2, 320     , 

6.2 

5,790 

H.O 

10,400 

9.8 

16,125 

4.6 

2,570     ! 

6.4 

6,230 

8.2 

11,000 

10.0 

16,825    , 

4.8 

2,870     1 

6.6 

6,740 

8.4 

11,  OK) 

5.0 

8,240 

1 

6.8 

7,205 

8.6 

1 

12,250 
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Eitimated  monthly  discharge  of  Missoula  River  at  Missoula,  Mont, 
[Drainage  area,  5,900  square  mileA.] 


Month. 


1902. 

rch  - 

ril.. 

y 

le 

y 

gust 

>tember  . . 

tober 

vember.. 


Dischanre  in  second-feot. 


member,  14  days . 


Maximnm. 


1,900 
3,050 
17,350 
15,775 
6,975 
2,637 
1,865 
1,980 
2,215 


Minim  am. 


580 
715 
787 
212 
787 
865 
715 
750 
650 


M(«n. 


Total  in 
acro-feet. 


I 


1,766 
2, 383 
10, 236 
8.a52 
4, 725 
2,136 
1,778 
1,808 
1,875 
2, 236 


Ran-off. 


Second-feet     ^^^th 


108,587  ' 
141,798  i 
629,:J87  i 
526,771  I 
290,529  I 
131,338  ; 
105,798  I 
111,170  ' 
111.570 
62,091 


0.30 

.40  ' 

I 
1.72 

1.49  ! 

.79  I 
.36  ' 
.30; 
.30  I 
.31  I 
.38  i 


0.35 
.45 
1.98 
1.66 
.91 
.42 
.33 
.35 
.35 
.20 


BITTERROOT  RIVER  NEAR  GRANTSDALE,  MONT. 

Phis  station  was  established  April  25,  1902,  by  H.  B.  Waters.  It 
ocated  on  the  highway  bridge  2  miles  southwest  of  (Trantsdale  and 
niles  southwest  of  Hamilton,  Mont.  The  gage  i.s  the  usual  wire 
)e  fastened  to  the  downstream  truss  of  the  bridge.  It  is  graduated 
feet  and  t-enths  and  is  read  daily  by  T.  J.  Holt  who  lives  about  a 
irter  of  a  mile  north  of  the  gage.  The  stream  at  this  section  is 
aight  and  has  a  moderate  velocity.  The  right  bank  has  a  gentle 
pe  and  is  liable  to  overflow.  The  left  bank  is  high  and  rocky.  The 
I  of  the  stream  is  composed  of  gravel  and  bowlders.  Bench  mark 
.  1  is  a  wire  nail  driven  in  the  northeast  side  of  a  largo  pine  stump 
I  marked  B.  M.  24.40.  The  stump  is  across  the  road  from  the 
Jt  end  of  the  bridge.  The  elevation  above  the  zero  of  the  gage, 
to  feet.  Bench  mark  No.  2  is  the  northwest  bolt  in  the  northwest 
itment  plate  of  the  bridge.  It  is  marked  B.  M.  19.30.  Its  eleva- 
1  above  the  zero  of  the  gage  is  19.30  feet. 
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Jiattng  talde  for  Bitterroot  River  near  Orantsdale,  Mont.,  for  190e, 


IHacharge. 

Oaee 
heWht. 

S^€wul-/eet 

Feet. 

125     1 

2.4 

150 

2.6 

205 

2.8 

280 

3.0 

1            395 

3.2 

^0 

3.4 

*          700 

3.6 

1 

»««''»^  h^t. 


Discharge.  ! 


Gage 
height. 


Discharge. 


Secomi-feet.l       Feet       Second-feet.       Feet.      ^Second-feet. 


900 
1,150 
1,430 
1,745 
2,085 
2,450 
2,850 


3.8 
4.0 
4.2 
4.4 

4.6 

4.8 
5.0 


3.255 
3,700 
4,140 
4, 575 
5,005 
5,440 
5,000 


5.2 
5.4 
5. 6 

5.8 
6.0 
6.2 


6,380 
6,a55 
7,325 
7,790 
8,340 
8,970 


II 


mi 


^^lated  monthly  discharge  of  Bitterroot  River  near  Orantttdale,  Mont. 
[Drainage  area.  1,55()  square  miles  ] 


^onth. 

Dlscha] 
Maximum. 

rge  in  second 
Minimum. 

1902. 
April  25-30 

May... 

11,075 

9,285 

3,700 

790 

205 

280 

615 

1,150 

900 

Jnne. 
July 

3,050 
900 

-^^^tigt 

205 

^tember         

135 

^^l)er          

205 

^^Vember._  

Member 

280 
340 

Mean. 


1,085 

4,823 

5,176 

2,143 

428 

167 

242 

353 

472 


Total  in 
a<rre-foct. 


12,912 

296, 555 

307,993 

131,768 

26,316 

9,937 

14,879 

21,005 

29,022 


Run-<^ff. 


IK  r  Hnuar<      i,„.h»*. 


quar<» 
lie. 

inches. 

0.70 

0.16 

3.11 

3.59 

3.34 

3.73 

1.38 

1.59 

.28 

.32 

.11 

.12 

.16 

.18 

.23 

.26 

.30 

.« 

PALOUSE   RIVER  NEAR   HOOPER,    WASH. 

For  some  distance  above  Hooper,  Palouse  River  consists  of  a  snc- 
^ssion  of  deep  pools,  from  10  to  lo  feet  in  depth,  connected  by  short 
Piffles.  Its  valley  is  about  one-half  mile  in  width  and  bordered  with 
basaltic  cliffs  approximately  30()  feet  in  height. 

The  measurements  of  Palouse  River  are  of  value  in  showing  the 
amount  of  water  that  could  be  utilized  for  irrigation  on  the  lands  of 
Washtucna  Valley,  and  in  the  section  north  of  Pasco.  The  gaging 
station  was  established  April  1,  1807,  by  the  land  department  of  the 
N^orthern Pacific  Railroad.  September  9,  1897,  the  Geological  Survey 
jook  charge  of  the  station,  i)lacing  the  gage  rod  1  mile  Inflow  the  former 
ocation  and  opposite  the  water  tank,  and  stretching  a  cable  across  the 
»iver  for  discharge  measurements.     The  rod  is  inclined,  and  fastft^wvid 
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to  posLs  driven  into  the  righl  bank.     The  bendj  mark  i^  a  point  of 
rock,  iiiarketl  with  n*d  paint,  uii  h  h^d^a  oq  the  left  t>ank  of  the  rivet 
cippos  i  I  ts  t  h  e  pi^e ,  and  i  ts  ©  1  e  va  ti  on  is  7j\\  >  fee  t.  a  ho  v  e  d  a  t  u  m .     W  Hon 
the  new  gai^e  read»  l*.  1  feet  the  height  on  the  Northern  Pacific  liailroAd 
gage  is  0. 1  feet.     The  channel  in  ^jravelly  and  not  liable  to  i^lian^. 
The  left  l>ank  18  hi^^h  and  can  not  overflow.     Tht*  right  hank  overflfm> 
at4;^xtreine  high  water.     The  initial  point  for  s^ounding  is  the  cjihlo 
post  on  the  left  l)ank.     The  sstatlon  i»  alxnii  II  niiliM*  aliove  the  moath 
of  Cow  C -reek J  and  2  miles  below  the  head  of  the  ditch  of  the  Palouse 
Irrigation  Company,  carrying  25  aecund-fcet  when  fnU*     No  measun^ 
monts  were  made  dnring  li+Ol^  the  rating  table  for  1  !*<>()  bein^  ns*^l  for 
that  year.     The  11' 02  talile  gives  larger  discharges,  and  it  is  prubabls 
that  the  discharges  as  published  for  llinj  are  Uxi  smalL 
The  following  discharge  measurements  were  made  during  HKJ:J: 

.Ttily  10:  riaf?o  height,  H*80  f©et;  ditst*hargp,  5H2  wcoad-feet. 
KLiveni7i©T  fi:  Gage  ht^ight,  U.83  fmit;  dlMi^iarjp^,  71  se<x>iid-feet. 

^  Daily  gagt^  fmght,  in  fmt^  of  Puloii4U'  River  nmr  Himper^  Wtmh, 
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Rating  table  for  Palouse  River  near  Hooper,  Wash.,  for  190S, 


heifl^t. 

Diflcharge. 

fert. 

Second-feet 

0.6 

63 

.8 

69 

1.0 

75 

1.2 

85 

1.4 

95 

1.6 

106 

1.8 

118 

2.0 

130 

Feet. 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 


Second'/eet.^ 
150     i 
175     I 
205 
240     I 
280    I 
325 
380 
455 


Oasre 

height. 

Diflchargre. 

Gage 
helKht. 

Discharge. 

Feet. 

Second-feet. 

Feet. 

3.8 

535 

6.0 

1,835 

4.0 

625 

6.5 

2^.150 

4.2 

725 

7.0 

2;  465 

4.4 

835 

7.5 

2,780 

4.6 

953 

8.0 

3,095 

4.8 

1,079 

5.0 

1,205 

5.5 

1,520 

Estimated  monthly  discharge  of  Palouse  River  near  Hoiyper,  Wash, 
[Drainage  aroa,  2,210  square  miles.] 


Month. 


1902. 

nuary 

jbmary  ... 

arch  - 

pril 

[ay 

une 

% 

LUgnst 

eptember  . . 

kJtober 

Tovember . . . 
tecember . . 


Discharge  in  second-feet. 


Maximam. 


The  year . . 


625 

2,906 

1,709 

725 

2,087 

325 

1,142 

85 

66 

70 

220 

1,520 

2,906 


Minimum. 


106 

100 

280 

240 

175 
95  I 
87  I 


64 
60 

m 

67 
106 

60 


Mean. 


216 

1,088 

716 

370 

515 

150 

178 

75 

62 

07 

118 

452 

334 


Run-off. 


Total  in     ; 
acre-feet.      Second-feet  rko«*ii  {« 


13,281 

60,424 

44,025 

22,076 

31,666 

8,926 

10,945 

4,612 

3,689 

4.1H1 

7,081 

27, 792 

238,  ()98 


0.10  1 
.49  ! 
.32  i 
.17  ' 
.23 
.07 
.08 
.03 
.03 
.03 
.05 
.20 

.15 


0.12 
.51 
.87 
.19 
.27 
.08 
.09 
.03 
.03 
.03 
.06 
.23 

2.01 


WEISER  RIVER  NEAR   WEISER,  IDAHO. 

The  drainage  basin  of  this  river  is  mountainous  and  rocky,  in  con- 
ast  to  the  well-wooded  areas  of  the  Boise  and  Payette  basins,  and 
le  effect  is  shown  in  the  high  flood  discharges  and  low  summer  flow. 

number  of  small  ditches  utilize  considerable  water  from  this  river, 
it  the  principal  canal  is  the  Galloway  canal,  which  irrigates  lands 
>rth  of  Weiser.  Above  this  canal  is  a  bench  country  susceptible  of 
iltivation  if  water  could  l)e  brought  to  it.  The  gaging  station,  estab- 
jhed  Deoemher  6,  2894,  is  located  in  the  canyon  oi  tti^  tv\^t^  «^iQ>\\>\^ 
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'^,  K?, 


iniles  fiH>m  Weiser,  The  K**g*^  rod  whieh  was  s#^t  ui  IKHH  wiwi  covered 
dnriri;^:  the  pro<?ess  of  grading  for  the  rc>adl>ed  of  the  new  Pacific  she) 
Idahti  N mi  hem  Uailnmd,  ii  lino  Intended  to  run  frum  W{*iHcr  tr^  tbe 
Mining  counlry  in  tliu  tuountainoUH  difttrict  tt>  th*^  ntirth.  Th**  ruiW 
gfigt*,  k»cat4*don  0<!iol>Br31,  IHiKt,  itM)ft»etabove  thcoUltHus  is  incliiMil 
andlJoUcd  to  h  rock  hliiff;  L15  fefit  ahiiig  ih<*  gjt;^i*  cunai'*  one  fm^t  in 
elevation.  The  l>om*h  mark  consists  of  a  cn»!<(S  cut  in  the  lop  of  Uk' 
Jiiva  rim  rock  above  tho  ^n,^^  and  h  at  an  idm  ation  of  tiM^i  fwt.  The 
olovation  of  tho  mm  of  the  ga^e  takeu  from  tho  IcvcJi*  of  tho  railiTJ^l 
iM  iJl*L*l4  ff^ot  almvo  sen  lev^eL  Dhehargc  moaKnrcmontii  aro  maJ^ 
from  a  cable  and  cni-  about  3*N)  feet  below  tho  gage.  Both  bankft  nm 
high  and  not  liable  to  overHow.  The  bod  of  the  river  is  of  gravel  and 
not  Hkoly  to  change* 
Tho  following  discharge  measurenients  we  no  made  during  19M^: 

tlnno  M:  Gnge  height,  2.20  feet:  discharge,  87 1  ftecDud-feet. 

J«ly  HI:  CHge  height,  1.2t)  feet;  discharge,  a  10  Bi[<^oiid-feet 

August  4:  Ua^e  height,  0.40  foot;  di*(charge,  53  iocond-feet. 

8cpt4^mher  18:  Gage  height.  O.SO  foot;  diatiharget  ^t\  j^econd-feet, 

iMily  gttge  height,  in  feet ^  of  Wefjser  Hi^mr  tmir  Wtiimr^  ItloA^, 
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Rating  table  for  Weiser  River  near  Weitter^  Idaho,  for  1002, 


^^     Dfacharge.  '  ^^    JDisc-harKe. 


Fert. 

0.2 

.4 

.6 

.8 
1.0 
1.2 
1.4 
1.6 
1.8 


Second-ftet. 
39  , 
71 

lai   I 

150    , 

215    j 

290 

375 

470 

585 


Feet. 

2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 


Second-feet. 
720 
875 
1,050 
1,235 
1,425 
1,625 
1,840 
2,075 
2,325 


I 


hefg^bt.      ^*-»-'^-       h»|I>^^^ 


Feet. 
3.8 
4.0 

4.2 
4.4 
4.6 
4.8 
5.0 
5. 2 
5.4 


Secimtl-feet. ,      Feet.       Second-feet. 


2, 585 
2.K55 
3, 125 
3,395 
3,6<r> 
3,935 
4, 205 
4,475 
4, 745 


5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 


5,015 
5,285 
5,555 
5,825 
6,095 
6,365 
6,635 
6,900 
7,170 


I 


Estimated  monthly  diacharge  of  Weiner  River  iieor  Weiser,  Idaho. 
[Drainage  ar(3a,  1,B70  wiuare  milw.] 


Month. 


1902. 
Jannaiy 
February  ... 

March 

April 

% 

Jnne 

July 

^agiwt 

September  . 
Oi*tober  . .   . . 
Nf )vember . . . 
Det«ml>er . . . 


DiBcbarge  in  second-feet. 


Run-<jff. 


[imam. 

Minimam. 

Mt^n. 

Total  in 
arre-feet. 

StM 

pe 

ond-feet 
r  Houare 
mile. 

Depth  in 
inches. 

585 

290 

:W8  , 

23, 857 

0.23 

0.27 

7,340 

250 

3,0H6 

171,:^88 

1.85 

1.93 

3,9:J5 

720 

1,456 

89,526 

.87 

1.00 

3, 120 

685 

1,886 

112,225 

1.13 

1.26 

3,46:^ 

1,378 

2,354  ' 

144,742 

1.41 

1.63 

2,720 

618 

1,546 

91,in)3 

.93 

1.04 

795 

96 

3H4  , 

23,611 

.  23 

.27 

115 

39 

68 : 

4,1H1 

.04 

.05 

87 

39 

58 

3,451 

.03 

.03 

l.-H) 

87 

110 

6,  761 

.07 

.08 

290 

150 

248 

14,757 

.15 

.17 

2,075 

290 

IMH 

56, 44(J 

.  55 

.63 

The  year . 


7,340 


39  I      1,0 1'J 

I 


742.941 


.  62 


H.36 


BOISE   RIVEK   NEAR   BOISK,  IDAHO. 

The  station,  eHtablishcd  December  15,  I8!)4,  is  located  about 'J  miles 
above  Boise,  Idaho,  at  the  mouth  of  the  canyon.  The  original  gajife  was 
in  two  sections:  The  lower  part  is  of  :!  by  0  inch  plank,  inclined,  and 
marked  from  1  foot  to  7.5  feet;  the  upper  part  is  a  4  by  4  inch  timber, 
placed  vertically,  anil  mark(Ml  from  7.5  to  1:3  feet,  both  portions 
painted  white.  The  l)ench  mark  for  it  was  a  bridji:e  spike  driven 
into  a  Cottonwood  tree  20  feet  from  gage  and  20  feet  from  tv\^\,    1^^~ 
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niileii  from  Weiser.  Tlie  i^ngc  rod  whicU  wiis  a<.^t  in  18^)8  was  cavi 
dnrinjtr  the  process  of  ijrading  for  the  r«ain*ed  of  the  new  Pacific 
Idahu  Northern  Kuilniad,  ii  line  iiitended  to  run  from  Wc'iser  to 
.mitiin|;r  country  in  tiK*  niouuliiinouH  distriet  to  tha  north*  The  r 
P^  IocaUhI  on  OekilM^r  ill ,  I  Htitl^  UK)  feet  above  the  fild  one,  is  inch 
and  bolted  t(J  a  mvk  hlnfT;  IJ.'i  fert  tdon^  the  gnge  equals  one  ftw 
etevatlon.  The  l)©nch  murk  tKiri«ist^  of  h  cro»»  cut  in  tht*  l<i|i  of 
1ft va  rim  rock  atwvc  the  gage,  and  m  j*t  an  elevation  of  1  l^i.iH*  foet  1 
elevation  of  the  zero  of  the  ga|?e  taken  from  the  le%'el^  of  I  be  railrt 
k  2jlt>L:^4  feet  above  sea  leveh  Discharge  ineHsureuientvS  are  mj 
from  a  cable  and  ear  alxint  3(M)  feet  Ijelow  the  ^t\gi\  liotli  bnnk^  i 
high  and  not  liable  to  overflow.  Th©  bed  of  the  river  i**  of  gravel  n 
not  likely  to  change. 

The  following  discharge  measurements  were  ma*h^  during  UM: 

iTiiiie  3fl:  Oagi*  heis:ht,  2.20  feet;  discharge,  S7t  8econ«1-fwH* 
July  1(>:  Oage  height.  1/*J0  feet;  di^chargt?,  SlO  second*fet*t 
Atignst  4;  (iage  bi?ight.  t>.40  fotit;  disrhnrge,  53  »eocmd*fi*et> 
September  18;  Gage  height,  0.30  ffxit:  discharge,  5fl  »oconcl-fe*.*t, 

DaU^gtjgt  hcigM^  in  feet ^  of  Wtittrr  Uifrr  rttttr  Weist^r,  likUio, 


im^. 

Jui, 

Fob. 

Hto. 

Apr. 

*«ri 
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Rating  table  for  Weiser  River  near  Weiser,  Idaho,  for  rM)2, 


S^,.  I  I>l«l»r«e.     ^«W 


heigi 


Fttt. 

Second-feet. 

0.2 

30 

.4 

71 

.6 

105 

.8 

150 

1.0 

215 

1.2 

290 

1.4 
1.6 

1.8 


375 
470 
5a5 


Feet. 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 


DIacharKe. 

Secotui-feet 
720 
875 
1,050 
1,235 
1,425 
1,625 
1,840 
2,075 
2,325 


Gafre 
height. 


Feet. 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 


Diachar^. 


height 


Second-feet. 
2,585 
2,a55 
3,125 
3,395 
3,665 
3,935 
4,205 
4,475 
4,745 


Discharge. 


Feet. 
5.6 
5.8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 


Second-feet, 
5,015 
5,285 
5, 555 
5,825 
6,095 
6,365 
6,635 
6,900 
7.170 


Estimated  monthly  discharge  of  Weiner  Rrver  near  Weiaer,  Idaho. 
[Drainage area,  1,H70  Hquaro  miles.] 


Month. 


1902. 

annary 

'ebmary  ... 

[arch *. . 

pril 

ay 

me 

Jy 

igust 

ptember  .  . 

tober 

veinber  -. 
[jember . . . 


Discharge  in  second-fcHJt. 


Run-off. 


Maximum. 


585 

7,340 

3, 935 

3, 12r> 

3,463 

2,720 

795 

115 

87 

150 

290 

2,075 


Minimum.      Moan. 


Total  in 
acre-foet. 


8o<'ond-feet 
peraauare 
I        mile. 


290 

388  ' 

250 

3,086 

720 

1,456 

685 

1,886 

1,378 

2,354; 

618 

1,546  ' 

96 

384  1 

39 

68  ' 

39 

58 

87 

110 

150 

248 

290 

918 

23, 

171, 

89, 

112, 

144, 

91, 

2;}, 

4, 

3, 

6, 

14, 

56, 


85' 
"388  ' 
526  I 
225  I 
742  I 
993 


0.23 
1.85  ' 


611 
181 
451 
704 
757 
446 


I 


The  yeHr  . 


,340 


39 


1 ,  042 


742,941 


.02 


Depth  in 
inches. 


0.27 
1.93 


.87 

1.00 

1.13 

1.26 

1.41 

1.63 

.93 

1.04 

.  2.3 

.27 

.04 

.05 

.03 

.03 

.07 

.08 

.15 

.17 

.  55 

.63 

8.30 


BOISE   RIVER   NEAR   BOISE,  IDAHO. 

The  station,  established  December  15,  181)4,  iss  located  about  D  miles 
ove  Boise,  Idaho,  at  the  mouth  of  the  canyon.  The  ori<j:inal  ga^e  was 
two  sections:  The  lower  part  is  of  2  by  (>  inch  plank,  inclined,  and 
irked  from  1  foot  to  7.5  feet;  the  upper  part  is  a  4  by  4  inchtiml)er, 
iced  vertically,  and  marked  from  7.5  to  12  feet,  both  portions 
mted  white.  The  bench  mark  for  it  was  a  \>r\dge>  v»*^\Vfc  (Vtvn^t^ 
}  a  Cottonwood  tree  20  feet  from  gage  and  20  feet  Irom  xVveT ,    \\>  \^ 
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[tti  % 


\t 


3 A  feet  above  the  8- foot  mark  ou  the  i^iige.     MeHSurem4*nt«  m-e  mwk 
from  a  cable  just  below  the  grtge. 

Ill  the  hi  Iter  pnrt  of  July,  lHr»5,  it  wrt«  deeklt^l  to  kieak^  a  secomiari 
gage  oil  Boise  Uiver  to  oblain  the  slope  of  the  water  surface,  Thiswaa 
plaeed  42h  feet  Vm^Iow  the  old  gn^e  find  carefully  etm nested  by  tiieana 
of  R  wyt}  level.  Both  wtM-e  referred  to  tlie^aiiie  datum.  At.  thattim* 
the  low<*r  end  of  the  old  i^age  waw  found  to  be  warped  and  was  fur- 
rected,     A  gage  was  alM*i   plactul   on  the  lower  Hmm   \n  onler  to 

teninne  the  water  going  t>yat  the  lowe^stf^tage  during  the  irrijrating 

>aMOiK  The  meter  e^ui  generally  I  mi  used  l*y  wfiding,  but  in  high  water 
meanun^ments  can  Im  made  from  a  wagon  bridge. 

April  IH,  18rP7,  the  river  cut  into  t!ie  right  bank  of  the  Btatton,  earry- 
ing  out  the  cable  and  leaving  the  ^a^a  on  a  Bmall  i.Kland,  so  that  the 
reconl  after  that  date  is  unreliable.  A  temporary  gE^^  was  therefore 
established  May  12  at  the  IJnimlway  Bridge,  at  Boi«e,  and  a  rt^ceri 
kept  by  it  until  June  17,  when  a  new  gage,  whieh  im  now  used,  wa^  h^bxw 
placed  in  the  canyon  I  mile  al>ove  the  old  location.  The  inclined  nxl 
is  firmly  attached  to  a  Cottonwood  tree.  The  bench  mark  is  a  ^0- penny 
spike  in  the  upstream  face  of  the  C>  by  8  cable  support,  alKuit  2  f<^t 
above  the  ground.  Ite  elevation  is  15  feet  above  datura,  Twospik^ 
in  same  pa^tare  14  feet  above  datnm*  Dischnrg©  measurements  at^ 
made  from  a  cable  and  car  50  feet  below  the  gage.  An  auxiliary  cabi<^ 
for  flofKl  measurements  is  placed  117  feet  above  the  main  cable,  M 
ordinary  jitages  the  channel  is  straight,  both  aliove  and  iKdovv  thesW- 
tion.  The  Imnkw  are  high  and  not  lial>le  to  overflow.  Alxjut  3iK)  feet 
below  the  cable  is  a  gravel  bnr,  reducing  the  width  of  thr  river  at 
low  water  to  about  one-tliinl  of  the  channel  and  forcing  the  entire 
flow  against  the  south  bank.  The  channel  is  liable  to  change  during 
extreme  high  floods.  During  ttJiwi  tlit*  Xew  York  Canal  Comimay 
built  a  wing  dam  of  timber  and  loose  rock,  headed  about  150  ft^et 
below  the  station  and  extending  from  the  north  l>ank  diagonal lydowa 
and  across  the  stream  a  distance  of  aluiiit  50  feet,  in  order  to  protect 
the  north  bunk  from  erosion.  The  consLriiction  of  this  wing  dam  did 
not  seem  to  interfere  with  the  flow  of  the  river  at  the  station.  Dnriog 
the  year  new  cable*  supporti^  weiv  set  anil  lH*neh  marks  wi*re  care- 
fully veriliefL 


\sm. 


Jaly  11. 
July  1 


1% ^ 


SydrpKraphor. 


do        


Angnst  7 ---  _^,^.^^ do  . 

AttmiHt  13.  . , do  . 

Sepreir  ber  15 do 


li^^ 


1.10 


iMsci^ATge^ 


m 


COLUMBIA   BIVER   DHAINAOE   BASIN. 
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Daily  gage  height ^  in  feet,  of  Boine  River  near  Boise,  Idaho. 


DBy. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Auk. 

St'pt. 

o<t. 

Nov. 

Dec. 

latt. 

1 
1  1.00 

! 
i.ao  1  1.70 

1.35 

3.20 

4.70 

2.25 

O.iN) 

0. 45 

0. 45 

0.50 

0.80 

1  i.a) 

i.:io 

1.60 

1.86 

3.10 

4.  a) 

2.35 

.80 

.45 

.4.5 

.50 

.80 

1  1.10 

1.80 
1.40 

1.50 
1.45 

1.98 
2.40 

2.90 
2.90 

4^00 
3.90 

2.:«) 

2.55 

.70 
.70 

.40 
.40 

.42 
.42 

.50 
.50 

.90 

1  1.08 

.96 

1    .»5 

1.30 

1.40 

2.40 

2.90 

3.85 

2.20 

.60 

.a5 

.40 

.5"» 

.80 

1  1.00 

1.80  1  1.40 

2.40 

3.10 

3.80 

2.10 

.70 

.Jft 

.40 

.60 

.80 

1  1.00 

1.25 
l.HO 

1.40 
1.40 

3.00 
3.40 

3.30 
4.30 

3.85 
4.15 

2.00 
1.90 

.70 
.60 

.33 
.31) 

.40 
.40 

.70 

.82 

.80 

1.03 

.80 

1.00 

2,00 
2.00 

1.40 

i.:^« 

2.80 
2.50 

4.60 
4.40 

4.55 
4.90 

1.90 
1.95 

.12 
.20 

.:«) 

.40 
.40 

.85 

.K5 

.90 

1    .90 

1.30 

1    .70 

1.90 

1.:* 

2.50 

4.40 

4.80 

1.95  1 

.:«) 

.40 

.40 

.90 

1.22 

'    .65 

l.HO 

1.;J5 

3.55 

4.60 

4.60 

2.00  ' 

(M) 

.  3"> 

.40 

a:i) 

1.10 

00 

1.55 

l.:«) 

1.25 
1.20 
1.30 
1.40 
1.35 

i.;fi> 
1.;*) 
i.:)o 

i.:io 

1.3.) 
1.30 

2.55 

2.50 
2.60 
3.31) 
3.40 
4.00 
4.20 

5.00 
5.00 
4.70 
4.70 
4.60 
4.20 
4.00 

4.45 

4.  a) 

3.90 
3.50 
3.40 

3.:jf) 
3.:«) 

3.05  1 

1.95  ' 

1.90 

1.85  , 

1.80 

1.70 

1.70 

m 

.67 

.68 

.61) 

.m 

.fK) 

.:«) 
.:r> 

.40 

.:r* 
.:«) 
.:i5 

.40 

.40 
.40 
.40 
.40 
.40 
.40 
.40 

.85 
.80 
.70 
.60 
.70 
.80 
.80 

.85 

.70 

.60 

70 

.40 

M5 

.40 

05 

.40 

1.00 

.48 

.96 

.90 

'    .90 

1.30 
1.30 

l.2r) 

1.20 

1.30 
1.40 
1.40 
1.40 

4.40 
4.00 
3.80 
3.60 

3.K5 
3. 70 
3.65 
3.60 

3.30 
3. 10 
3.10 
3. 10 

1.60 
1.50 
1.30 
1.10 

.  55 
.55 

.50 

.40 
.40 
.40 
.40 

.40 
.40 
.45 
.50 

.70 
.65 
.60 
.65 

.95 

J    .85 

.98 

.HO 

1.00 

'     .70 

1.10 

60 

2.70 

1.40 

3.40 

3.55 

3.20 

1.10 

Ji) 

.40 

.60 

.70 

1.10 

60 

2.40 
2.30 

1.40 
1.40 

3.25 

3.30 

3.65 
4.00 

3. 10 
2.90 

l.IO 
1.00 

.50 
.45 

.40 
.40 

.70 
.70 

.75 
.80 

1.20 

m 

1.16 

.60 

2.10 
l.HO 

1.45 
1.40 

3.30 
3.20 

4.40 
4.90 

2.80 
3.60 

1.00 
1.00 

.45 
.45 

.40 
.40 

.65 
.60 

.90 
.70 

1.20 

.50 

1.00 

.40 

1.40 

3. 10 

5.30 

2.55 

1.00  ' 

.40 

.40 

.55 

.70 

.90 

.60 

1.40 

3.20 

5. 10 

2.45 

1.00 

.40 

.45 

.50 

.75 

.40 

'  1.00 

1.40 

5.00 



.90 ; 

.42 

.50 
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Rating  table  for  Boise  Riiwr  at  Boise,  Idaho,  for  lUO-^. 


S. 


DiHcharge. 

Secimd-feet. 

575 

695 

830 

970 

1,115 

1,270 

1,4:J5 


SgTt. :  D-»>-Ko. 


IKR  85 — 03- 


heig] 

Feet. 
1.6 
l.H 
2.0 
2.2 
2.4 
2.6 
2.8 

— U 


Set'outl-fei't. 

1,610 
1.800 
2,000 
2.  220 
;  2,460 
2,  730 
3,030 


Gago 
boifflit. 

Fi'et. 
3.0 
3.2 
3.4 
3.  6 
3.8 
4.0 
4.2 


I  Diwliarge. 

Svamd  fivt. 

3.  365 
i  3, 740 
4.156 
4,604 
j  5. 052 
I  5,500 
I       5. 948 


hoiglit. 

Feet. 
4.4 
4.6 
4.8 
5.0 
5.2 


DiHt'harge. 

^romi-feet. 
6, 396 
6,844 
7,  292 
7.740 
8,188 
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£MUfnttivti  mvuthl^  diw^harge  of  Boiite  Ripfr  n^ar  liiMitt,  Jdah*i 
[  Dmtujmv  KTts,  t^,42iO  MittBM*  luilefi.  j 


fffi^l 


L 

'p^  Ul  ll«C«tHl-fiMt, 

Ti«lal  in 

Btm-dT.          1 

1               M^mlti. 

MliflillHtlTI. 

Mhui, 

per  square 

•^^ 

19QS. 

Jantiary. .    . 

U27Q 

0U9 

vm 

00,^11 

0.4Q 

ti.4« 

FuhrGnr>                  , 

3.S80 

l,2?0 

1,615 

149,003 

,« 

.(A 

Mjin-h      . 

I^TIK* 

t.itt'vo 

],4a8 

8tr«n^ 

.S8 

-W 

April 

e,3«e 

1,30*^ 

8,550 

3ii,rr5 

1.45 

i.« 

Mny, 

K,  l(^ 

H,  xm 

5,701 

:t50,541 

3,i» 

June.... 

7,516 

3,538 

4/780 

2S4,  TBI 

Ut».7 

2jf 

Jiily                 

i,663 

l.CMO 

1,7-Jl 

105,820 

.70 

4 

Anf^uMt     

l»tMn 

530 

708 

i9, 067 

.3^ 

Hepttmilier             .  . 

7^ 

imi 

4182 

40,582 

.2?! 

.n 

Ckit<ib«r  .... .- 

^00 

em 

7aa 

45,  193 

.m 

.a 

No  Vt*UlllOT , *-.--. 

1,040 

7m 

f«>7 

.'>3.  mi 

.^7 

.1 

December  .  _ _ 

i,s7a 

m^ 

L.U^4 

m,m^ 

,4a 

,44 

J 

The  yBar 

BA^ 

ma 

1,996 

i,44$,ai3i 

.at 

"i 

9REFAGE  MEASUEEMENTS  m  BOISE  VAI.LKY, 

A  series  of  mertsurt+ments  of  the  discliar^e  of  eaQals  taking  water 
from  Kome  Rivur  botwei^n  Boisc^  and  Calciwell,  Idaho,  was  made  dur- 
wg  August  11  to  15,  1902,  by  N.  S.  Dib,  to  determine  the  aiuouot  uf 
see  page  w  ater  ret  u  r  n  i  ng  to  t  h  e  r  i  ver,  T  hese  in  eas  u  re  nie  ii  ts  we  re  si  ni  i- 
Ur  totliose  made?  in  181)8, 18D9, 10Ot\  ll»01,  and  which  are  published  in 
thf?  reports  for  thoHO  yeai-s. 


.L.1 
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Uatieous  duscharge  meoimremeiita  of  Boise  River  and  other  stretims  in  Boitte 

Valley. 


Stream. 


Locality  of  headinf?  or  plac^e.of  m<\a8are-      Dl> 
ment.  ,  chargo. 


"I 
11  , 

11 

11 

11  ^ 
11 
11 

12  ; 

12  • 

12! 

^ : 

13  ^ 
13 
13' 
13! 

^^ 
13 

13 

13  I 

13  i 
13, 
13  I 
13  1 

13  I 
l*i 
^*' 

14  ' 
14 
14 
14 
U 
U 
14 
14 
14 
14 
15 

15  j 
15, 
15  I 
15  i 
15  I 
15 


Sebreecanal North  side  in  Caldwell  C^anyon. 

Seibenberg  Sloingh do 

Boiae  River '  Caldwell  bridge 


Riverside  canal...  1 Sonth  side  in  CaldwellCJanyon  . 

Wastein  Tenmile  Creek ^  South  side  below  Star 

Strahom  canal i do 

Boise  River |  Star  bridge 

Eureka  canal South  side  below  Soldiers'  Home 

Phyllis  canal \ do 

Settlors  canal I  South  side  above  Soldiers'  Hcmio 

Davis  canal ' do 

McCarty  canal do 

Jacobs  <^*anal North  side  above  Soldiers'  Home 

Ellis  canal do.. 

Qoodwin  Mill  or  Penault  canal do 

Boiae  River I  At  regular  gaging  station,  near  B4»iHe 

Now  York  canal 1  South  side  at  gaging  station 

Costin  canal I  South  side  above  Soldiers'  Home 

Lamburger  &  Ryan do 

Ridenbaugh  canal do 

Paynne  canal I do 


Rossi  Logging  canal  . 


I 


*l 


.do. 


Small  ditch do. 

Rossi  waste I do. 

Electric  Light  Works  waste | do  . 


Waste  Car  Line  Power  House 

Farmers'  Union  and  Boise  Valley 
canals. 

Waste  ditch 

Waste  in  sand  draw 

Union  canal 

Dry  Creek  canal . 


North  side  above  Soldiers'  Home. 
North  side  at  Soldiers'  Home 


North  side  above  Star. 

do 

do 

do 


Conway  &  Akin,  2  ditches |  Eagle  Island 


Catlin  A  Macey,  2  ditches | do 

Davis  &  Hart I do 

Midleton  Mill  Slough :  North  side  above  Star . . 

Midleton  Canal  Company  canal ; do 

Pioneer  canal ' do 

Midleton  Water  Company  canal . . .'  North  side  l)elow  Star  . 

Waste  east  of  Midleton I do 

Waste  from  Willow  Creek ■ do 


Sebree  River j  At  Caldwell  Canyon,  north  side . 

Seibenberg  Slough do 

Boise  River j  Caldwell  bridge 

Riverside  canal At  Caldwell  Canyon,  south  side  . 


Sec-feet. 

I  0.0 

.6 

.7 

2:15 

1.0 

IH.O 
21.0 

I       "-^ 

[  15.8 

I  114.3 

:«).8 

1(0. 0 

fil.2 

12.1 

tfl.5 

84.').  0 

79.5 

3.0 

.8 

433.7 

11. 1 

118.0 

l.l 

101.0 

25.0 

39.7 

93.8 

ae 

1.0 
L5.0 
14.8 
12.0 
6.5 
14.0 
5.4 
8.5 
9.3 
10.4 
3.0 
.1 
16.0 
.4 
1.5 
1.0 


f? 
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*Sumi*iQrg  tuf  sff^pogi^  mett^ftrfmrtitu  tmuk:  on  Bourn  lii^t^^  Avffusi  U-iB,,  if^ 


Bc4li»^  Biv«r  km\  Kew  York  (t»ti&l  ivt  eniftti^  nt^tton  — . . , ............ 

Divi?rt«<l  by  lauaIa.  iuutU  stde.  between  iiig'Ln«'  •t»tlan  Aud  Boldlim' 

Home ..^........- . , .,--♦- ...,. ,-— , 


Llamu.  -♦_*., 


Riilitrii  wa>ttJ\  M>utb  iiiiUv  Imlwt'rfiti  ycA^iuyi  HtttUnn  and  BoUlicrs'  Hom^^^.. 
Boi^rsi  wiwt^',  fifirtb  »nto,  twt  wwft)  |E»t^nit  «t*ti<>ti  nad  i^ldJer»'  Homo,.,. 


Botiitoi  wii«U\  uurtb  9l4t.'«  Wtw^uuii  J^iUlit^rM*  ili^mu^ikad  Btar  ..,..^....,,^ 
6i>i^^  tlWttr  nt  HU*r  ,,,.^,.  ,,,,,*,* ._.._.  „ ..m.--^. 


Bi^ifNi  RliTfT itt  JitJtr  ,  —  -..-  ^^— ^..--  ..^..,,. „_ 

Dlvi^^rt^n]  1>y  rfttuiK  Bontb  s1di\  bHtwwn  Stihi* and  Ci&ldwell CiJifiMi.. 
Dtvurtml  by  riKmbt.  (lortb  i^ifiis,  txitwrw^u  Stitr  find  C!jildW4dt  i^nyiiij  _ 

Baltim  WllJttl^  Mintb  Hldt«,  iM^ivtMni  StJirnnd  ("fildwrHl]  iXnymi ^., 

64'tnrn  wibHt<s  iiurth  «k1i\  1>t.itWi.vri  Stitr  AFjd  CAldw^^H  CMiyon  .«*.^h 
l^VMrttHl  bj*  rjLtuilH,  wmih  Hid**,  nl  C^ulcJ^idHTiiiiyuu  ...... _„,»....,.,^ 

i>tv(»rtvfl  V*y  cjumlrt,  imrth  *idp,  ftt  Cnldwt^U  C»nfcm. ,,«...,, i,„„.^_ 
BoliNs  BtVt't  Bl  { :Hia wi4I ... *.,..»,.,..*.  —  *.**,.  ,*.-,.-„*.,, ^ 


Tntal  from  Btftr  to  Caldw^^U  . 
l-^nln  fn^tu  Bt^r  b>  C^l dwell . . 


TatHl  illvixhul  oil  mmib  hiiIi-  i>f  riTiit  tu  i'k*b1wwU.. . 
Tolttl  illTL*rt*^l  till  iini'th  nidi?  of  ri¥*.*r  ti»  t'jildw&U  ._ 
TuIaI  wn.Hti'  nn  Huiuh  iv^ido  of  river  b*  fuldwi.-ll. .. .. . 

Ttjtfd  wttrtto  *jn  luirtli  Kidt*  "f  river  Ut  <  "nldivi^ll 

Buisi3  River  and  Nptv  Yntlt  r.-ijinal  at  ^i^itLg  rtt«tiim 
Boifte  RlT©r  lit  Olid WftlU „.„.....,_.._,._ 


Tot»l  Tnuri  i^fjin^  «tntlun  t*i  (^rtUlwoH  . . 
Oait]  frum  ^ni^iii^i^tatiitu  bi  i'nldwidL.. 


ifQI^dy. 


l^,M 


i,omf 


4e 


»i.i 


LO 


«!,« 


4T.I 


au 


mi 


ttl 


830  J 


BRUNEAU   RIVER   NKAR   (JRANDVIEW^  IDAHO. 

SyMt<>matui  niiiU.siireuieiit,H  nn  tlily  river  have  Imeii  iiuiiiit^iiic<l 
imitioil lately  l^clow  the  headwurks  of  tlie  ennal  ^system  of  the  i  )wylie<? 
JjHJid  and  Irrl^aliau  t'atiipauy,  in  miles  east  of  Gmiidview,  Idabo, 
Thei'«  are  two  ga^es,  <me  on  the  north  nod  one  on  the  !5oulh  side  nf 
thfi  river,  each  at  the  same  elevation.  'I'he  eliaiuiel  in  Htraight,  iKitli 
alH*vo  and  Iwdovv  the  station ,  the  banlvti  high  and  nH*ky,  and  tlie  bed 
changinj^  Ih.tle,  if  any,  the  section  beiji^  a  ^mal  one  with,  the  ext^ep- 
tiun  that  the  velocity  is  very  slight  at  low  water. 


nwcLL.] 
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Daily  gage  height,  in  feet j  of  Brtmeau  River  near  Grandview,  Idaho. 


Dmj. 


1. 

a. 


Jaq. 


1.. 

HL- 
II-.. 


a., 
a., 
a.. 
«.. 
ft.. 
».. 
».. 
a.. 
».. 
aD.. 

31.. 


I 


Lffii 
L« 

Lin 

LOTi 

i.ai 
L«rf 
I.fil» 

LfiA 

].«) 
].«J 

1.M1 
l.flO 

1.00 
1.(10 

i.do 

l.flO 
1.63 
1.6U 
1.45 
1.45 
1.45 
1.45 


F^b^  MftT.  I  Apr, 


I 
l.4fi 
LIS 
L4a 
L4fS 

\.m 

La> 
Lua 

L7T> 
L7l» 

l:i> 

LTti 

Lffij 

La& 

L7(i 

LTD 

LTO 

l.il* 

l.TtI 

I  Tfl 

1.70 

1.70 

1.76 

1.75 

l.HO  i  1.76 

1.80  I  1.75 

l.«0 


"r 


1.7fl 

l.Vt 

I.Tfi 

1,70 

1,75 

L7II 
l.TIJ 
1,70 

1.70 
1,711 

1.75 
1.75 

i.7r, 

L76 
1.70 
1.70 
1.70 
1.75 
1.75 


-^1 
I 


I  L75 

\\-^ 

I  i,  i'» 
'  LMI 

;■.« 

I  LIN) 

!-■'■• 

I  :!.7r» 

I  ^^^ 

I  2.  IE 
>  I4t) 


-r    f 


'I 


l.HO 


'i'^. 


I 


1.75 
1.75 
1.75 
1.75 
1.75 


£.40 

i  t,m 

,±75 

I  :i  rx't 
3.20 
3.10 
2.Q0 
2.75 

2.m 

2.55 
2.50 
2.55 
2.50 
2.50 


Itf&y.  Juaftv  JnV. '  Au^. 


2.50 
S.50 

£.r)A 

2,40 

2.flV 

2.av 

2.T> 
2.7IJ 

^i4i 
a.  :4j 

a«) 
a:iv 

B.25 
a2U 

:t  in 


3.m 
11  an 

'1,55 


:£,»}  j 

2.21) ; 
I 
2. 15 


X4H  I  ±15 
:j.4J  '  Sji> 


;i50 


.»5 


:),4til  I  1.40 

a, 75  I  i.ri 

a.dTi  I  LW 

HTiLl  I  1.)«i 

a.25  [  LW) 

'AAV  I  LHIi 


3.0I» 

2.70 

1.70 

3.00 

2.eo 

1.70 

2.05 

2.55 

1.70 

2.90 

2.55 

1.05 

2.90 

2.50 

l.flO 

2.90 

2.45 

1.55 

3.00 

2.45 

1.50 

3.15 

2.40 

1.50 

3.:i5 

2.40 

1.50 

3.55 

2.:fi 

1.50 

3. 70 

1.50 

1.50 
1.50 
1.45 
1.45 
1.45 
1.45 
1.45 
1.40 
1.40 

i.:r> 
i.:j5 
i.:r» 
i.:«> 

1.35 

i.») 

1.30 

1.:*) 
i.:«> 

1.25 
1.25 
1.2.-» 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
1.25 
\.'£> 
1.25 


Sept.;  (k-t.    Nov.;  D«x\ 


.1.. 


1.26 
1.25 
1.25 
l.:«) 

i.:io 
i.:)o 
i.:)o 
\M 

'  i.:ii) 

I  i.:4) 

I  i..'«) 

'  i.:<o 

:  1.:*) 

I  1.:*) 

!  i.;io 

;  i.:«> 

'  1.40 
1.40 
1.45 
1.5.-) 
j  1.5(» 
'  1.55 
1.55 
1.55 
1.55 
1.00 
1.55 
1.55 
1.55 


I 


1.55 

1.50  I 

1.50 

1.50 

1.50 

1.50 

I.:*) 

1.50 

1.5') 

i.5-» ; 

1.55  I 


-,-  i 


1.70 

1 

1.75 

1.75 

1.75 

1.75 

1.75 

1.75 

l.HO 

l.W) 

l.HO 


1.50  I  l.HI)  , 


1.50  I 
1.50  I 
1.55  I 
1.55  ! 
1.55 
1.55 


l.Hl>  , 
l.HJ  [ 
l.HO 

l.HO ; 

l.HT) 
l.H.^. 
1.H5 
1.H5 
1.K5 
sLHO 
\.m  I  1.80 


l.(H) 
1.00 


I 


1.06  I  l.HO 

1.05  I  1.75 

1.70  I  1.T5 

1.70  I  1.75 

1.70  ;  1.75 

1.70  '.  1.75 

1.70  !  1.75 

1.7J)  I 

I 


1.76 
1.80 
1.80 
1.85 
1.86 
1.85 
1.90 
1.90 
1.90 
1.90 
1.90 
1.95 
1.95 
1.85 
1.85 
1.  75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.75 
1.76 
1.76 
1.90 
1.90 
1.85 
1.86 
1.75 
1.70 


SNAKE  RIVER  AT   MONTCiOMERY    FERRY,  IDAHO. 

Ten  miles  above  the  ^a^in^  station  at  Montgomery  Ferry  occurs  a 
tiatural  dam  site,  from  whicli,,a.s  a  startiiii^  point,  surveys  for  canal 
lines  have  l>een  run,  covering  the  large  extent  of  level  c<»untry  sus- 
ceptible of  irrigaticm  on  both  sides  of  the  riv<M*.  M(»asurements  at 
UoDtgomer}^  Ferry  show  the  amount  of  water  avaihibh*  for  irrigati<m 
purposes  there,  and  also  the  amount  that  could  be  developtMl  for 
x)wef  purposes  at  Shoslume  Falls,  about  45  mil<\s  below.  The  stati(m, 
established  August  5,  1805,  is  lo(*ated  at  Montgomery  Ferry,  on  the 
\Uii;e  road  from  Mini<loka  to  Albion.  The  gag(»  is  inclined  and 
'a8tene<l  t-o  posts  set  in  the  ground.  The  bencli  mark  is  the  head  of 
I  spike  in  the  east  i)ost  of  the  tool  house,  1.2  f(»et  above  the  ground 
uid  52  feet  west  of  the  gage.  Its  (devation  is  17.50  fe<»t  abovi^  gage 
latum.  The  letters  *'!>.  M.''  are  marked  in  bhu'k  paint  on  the  post. 
The  river  is  H(H)  feet  wide*  at  this  s(H*tion,  with  a  hard  gravel  bottom 
lot  subject  to  chang(».     When  t  he  station  was  visit^nl  by  N.  S.  Dils  on 
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[sw.fi, 


Oeta\H*r  H,  IM^iH,  a  t*tiiiipitrissoii  w*i8  itmck  of  the  gat^t*  nnl  with  the 
liench  lUArk,  aikI  it  was  found  that  \ht^  nxl  luui  moV(*<l  t«  a  <•oilliiUe^ 
tthl<*  f>xU*nt,  <luf*  to  thf  m*titin  of  ihi'  qnit'kHiitul  on  th«MnHlno<l  iiortiua 
of  ilho  hmI,  Tlit^  Jieighti*  iiH  rec*imlt3d  by  tht>  oli?Mirv**i%  hw  w*tll  ji**  the 
dittcliarjfi^  Tii<*4i«ur"etiJ*>iits,  wert!  corre(?tcKL  11i«  rod  in*  in<*lific*d  frosi 
zero  to  ^f-Ti  f*'el,  nrid  Lh  vt*rtU'al  al>oV4?  thm  lattf^rok'vatif>n,  TIm*  limiM- 
portion  \h  f*ustfiied  at  various  iiit**rvalM  to  jioMt.s  driv(*n  inU>tlHt  jrnniTi4. 
Gago  rea*lin|js  wore  not  taken  during  UMKi. 

Tlie  stJition  wa.^reesl4ihlisht^d  itay  I,  llJtn,  an<l  the  f^a^o  read  Tiiura- 
ing  and  ev**niii^  for  the  renuiind^^r  of  the  yt^skr.  Fart  of  the  inHinwl 
Ij^gi^  rod  whieh  had  I>e*^n  moved  by  quick.^iiid  wan  e<irre<*t-«*d  Au^^awl 
9,  11101,  HTu I  nil  pmvious  ^H^e  i*ea<lin;tr^  were  eawfiiUy  julJiL'tteiJ  to 
corn-^spond  with  tlu^  prc*f*ent  iKisition  of  th©  nxi. 

The  ff»lk>winK  fliHt'harixe  measurements  were  iimde  during  ll>i):2i 

•        Sept«mt>t^r  8;  Gftge  height,  1  iMl  foot;  dkchar|^4f«  3.338  H*«c!<aud-f«0t* 
Oetobftr  27:  G»i«i'  lit^ight,  2.3(1  feet;  ilischarK**,  't,*29  i*ni^4>nd-fi**^t. 
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SNAKE  RIVER  (NORTH  FORK)  NEAR  ORA,   IDAHO. 

s  station  was.  established  August  20,  1902,  by  N.  S.  Dils.  It  is 
id  at  the  North  Fork  Bridge  2  miles  south  of  Ora  and  10  miles 
>  St.  Anthony,  Idaho.  A  temporary  vertical  gage  was  set  on  the 
side  of  the  first  pier  from  the  north  shore,  at  which  point  the 
inent  gage  will  be  located.  The  observer  is  Mrs.  Martha  J. 
The  initial  point  for  soundings  is  a  bolt  through  the  toe  of  the 
ever  on  the  north  end  of  the  lower  side  of  the  bridge.  The 
e  is  210  feet  from  toe  to  toe  of  cantilever.     It  consist^s  of  four 

resting  on  three  rock-filled  crib  piers.  Measurements  are  made 
the  lower  side  of  this  bridge.  The  channel  is  straight  both 
J  and  below  this  station.     The  banks  are  high  and  do  not  over- 

The  bed  of  the  stream  is  hard  gravel,  quite  smooth,  and  not  lia- 
}  change. 
ft  following  discharge  measurements  were  made  during  1902: 

Angnst  20:  Gage  height.  2.00  feet;  discharge,  1,241  second-feet. 
September  29:  Gage  height,  2.00  feet;  dis(;harge  1 ,244  second-feet. 

'iily  gage  height,  in  feet,  of  Stiake  River  {North  Fork)  near  Ora,  Idaho. 
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ALL   RIVER   AT   WILSON'S   MILL,    NEAR  MARYSVILLE,  IDAHO. 

is  station  was  established  August  21,  1902,  by  N.  S.  Dils.  It  is 
jd  at  P.  Wilson's  sawmill,  12  miles  southeast  of  Marysville, 
\,  The  gage  is  a  plain  staff  graduated  to  feet  and  tenths  and  is 
7  spiked  to  the  lower  side  of  the  first  bent  from  the  south  sliore. 
•ead  by  P.  Wilson,  the  owner  of  the  mill.  The  initial  point  for 
lings  is  the  fac^e  of  tho  south  abutm<Mit  and  measurements  are 
from  the  bridge.  'J'he  bridge  rests  on  crib  abutments.  The 
is  straight;  hot^i  above  and  below  the  slatiou.  T\\^  Irnwk^  ».\'^ 
\nd  not  linhle  to  overflow.     The  bed  of  the  vWev  \»\\aTv^  ^^-aN^ 
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[!uXt& 


with  occasional  hiva  bowldeiu  Gk^orge  IlHrrin^lield,  a  IocaI  ddi 
enj^ineer,  slak^H  that  the  viYi^v  in  thif^J  vicinity  has  a  fall  of  from  37j 
to  IVJ  fetst  pfiv  mile.  'Hk*  llarrinj^tichl  canal  in  Iwins  huilt  U^  divert 
the  water  fr-om  alnn  t*  Ihif*  st^ilioiL 

The  followiri]^  di.scharg**  incasiimmeni»  were  made  diinii|(  ll*Mi*: 
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PI  t!ET  Ntll  Ta>  JJHAINAC;^]  BASI^^. 

For  enincnieiice  in  arran^^eiiient  the  sniallor  rjvci>»  which  havt'tVir 

head  WH tci"s  on  the  wcst+Tn  sl^ipe  <^f  th^^Caseride  Unnge  and  whieliil*'* 

Into  Fuget  Sonnd  nortli  of  SeuVVAi^  \\a\H^  Vh*vii  irronped  a^  tht^  Vwp^ 

Sound  (Irniun^i^      i)(  thefse  \V\i\U*  U\v^*v  \\vv^  ws  -m\\\\vh>  \\^\vt  >^m^^ 
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wj^l  PUOET  SOUND   BBAINAGE   BASIK.  21 7 

inier  and  flows  into  Puget  Sound  near  Seattle,  Wash.  Cedar 
v^er  is  a  tributary  of  White  River.  Snoqualmie  and  Skykoniish 
ers  unite  to  form  the  Snohomish,  which  flows  into  the  Sound 
out  10  miles  beyond  the  junction  near  Everett,  Wash.  The  Stil- 
luamish  lies  north  of  the  Skykomish  and  has  a  parallel  course. 
le  following  list  includes  the  stations  in  the  Puget  Sound  drainage 
sin: 

White  River  at  Buckley,  Wash. 

Cedar  River  near  Maple  Valley,  Wash. 

Cedar  River  at  Cedar  Lake,  near  Northbend,  Wash. 

Snoqnalmie  River  above  Snoqnalmie  Falls,  near  Snoqualmie,  Wash. 

Skykomish  River  (south  fork)  near  Index,  Wash. 

Stilagnamish  River  near  Robe,  Wash. 

WHITE   RIVER  AT  BUCKLEY,  WASH. 

[n  order  to  determine  the  amount  of  power  that  could  be  developed 
White  River,  a  station  was  established  by  Sydney  Arnold,  April 
,  1890,  at  the  new  highway  bridge,  500  feet  above  the  Northern  Pacific 
lilway  bridge,  and  one-half  mile  north  of  the  town  of  Buckley,  Wash. 
le  location  is  in  sec.  34,  T.  20  N.,  R.  0  E.  of  the  Willamette  meridian, 
le  rod  of  the  wire  gage  is  fastened  to  the  guard  rail  of  the  highway 
idge.  The  length  of  the  wire  rope  is  20  feet.  The  elevation  of  the 
[)  of  the  guard  rail  at  the  pulley  is  19. 56  feet  above  gage  datum.  The 
idge  is  a  clear  span  of  180  feet,  crossing  the  river  a  trifle  obliquely. 
16  channel  is  straight  for  some  distance  above  and  below  the  bridge, 
t  the  section  is  not  a  very  good  one,  owing  to  the  sudden  fall  a. short 
Jtance  below.  About  300  feet  above  the  bridge  is  a  good  section, 
th  fine  gravel  bottom  in  calmer  water,  but  in  order  to  utilize  it  it 
mid  be  necessary  to  install  a  cable.  An  examination  of  the  river 
annel  for  some  distance  above  and  below  this  point  was  made,  but 
9  present  location  is  about  the  only  one  available  for  accurate  results. 
N^o  measurements  of  discharge  were  made  at  this  station  during  1902. 
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Wjt  J  mill/  tf«£f<*  height,  in  /*'*(,  uf  White  Kitrr  a*  Mnekiettt  HVm/i, 
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CE0AE   RIVER   NEAR   MAPLE    VALLEYj    WASH. 

This  station  is  located  at  tlie  iiitakt^  oil  Uk*  ScHttle  watorv^orkg  M^ 
is  15  miles  below  Uedar  Lake,  4=  mile^s  from  the  Northern  PaeHic  llail- 
ivfty  at  Ravensdale,  and  G  miles  from  %\m  C\>liimbia  and  Pit^et  ^k)ntId 
Railway  at  Maple  Valley,     The  station  wa.s  esitablished  September  i!7, 
1902,  by  T.  A.  Noble.     The  gage  is  a  plain  NtaJT  j^raduatjed  to  feet  and 
hundredths,  to  which  is  attached  a  hook  gage  and  vernier  reading  to 
thousand! hs.     When  this  gage  reads  zero  the  hook  is  level  with  the 
crest  of  the  dam.     It  is  fastened  securely  to  the  hea<l  gates  above  the 
dam,  and  is  read  daily  by  George  Landsburg.     The  bench  mark  is  the 
crest  of  the  dam.     The  elevation,  from  city  levels,  of  the  south  end  is 
535.831  feet  and  of  the  north  end  535.840  feet.     The  gagings  at  this 
station  are  made  at  two  points.     The  first  is  14l*  feet  below  the  dam 
where  the  cross  section  is  small,  the  curnuit  rapid  and  suitable  for 
gaging  the  stream  at  stages  below  1  foot  on  the  gage.     The  measure- 
ments at  this  point  are  made  from  a  cable.     The  initial  point  for 
soundings  is  on  the  right  bank  •,  the  e\iam\e\  \s  ^VYa\^\vl\  the  right  bank 
is  at^eep;  the  left  bank  has  a  sloping  gvaveWy  \>Qi^v'\\*,  wtv^  \X\^  \>fe\ ^V 
'^e  stream  is  rocky.     At  all  stages  i>V'  V\\e  yVxv^y  v\\>o\vi  V1c»v>v  v>w  n\\ 
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^e  the  measurements  are  made  from  a  cable  located  000  feet  above 
)  dam,  where  the  cross  section  is  large  and  suitable  for  gaging  the 
:her  stages  of  the  river.  The  initial  point  for  soundings  is  a  spike 
ven  into  the  top  of  a  hemlock  stump  about  12  inches  in  diameter 
iT  the  water.  The  right  bank  is  a  sloping  sandy  beach;  the  left 
ik  is  steep  and  of  hardpan  formation.  The  bed  is  permanent — 
ky  near  the  right  bank  and  sand  and  gravel  near  the  left  bank. 
To  the  discharge  measurements  made  below  the  dam  should  l)e 
ied  the  amount  of  water  flowing  into  the  gravity  system  which  su^v 
es  the  city  of  Seattle.  This  varies  from  34  to  37  second-feet.  The 
icharge  of  this  pipe  line  was  measured  during  the  winter  of  1001-2, 
T.  A.  Noble,  and  the  results  have  been  published  in  Volume  XLIX, 
ge  112,  Transactions  of  the  American  Society  of  Civil  Engineers. 
During  1902  the  following*  discharge  measurements  were  made  by 
A.  Noble. 

September  28:  Gage  height,  0.88  feet:  discharKe,  435  second-feet. 
October  22:  Gage  height,  0.38  feet;  discharKe,  124  second- feet. 
November  23:  Gage  height,  1.31  feet;  discharge,  755  second-feet. 
December  25:  Gage  height,  1.74  feet;  discharge,  1,043  second-feet. 
December  26:  Qage  height,  2.04  feet;  discharge,  1 .399  second-feet. 

Daily  gage  Jieight,  in  feet  j  of  Cedar  Rirev  near  Maple  Valley,  Wash, 
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STREAM    MEASUBEMENT9   IN    1902,  PART   l\% 
CEDAR  RtVER  AT  CEDAR  LAKH,    KEAR  NOHTHBEND,  WASH* 


Ttiiti  fltaiion  was  esuiblishttd  October  17,  IW^,  by  T*  A.  Noble 
!b  liJCHt^  ?*  rniltj^  s^ouUiei^t  nf  Norlhl)end,  Wash.  The  ^age  is  af 
Rtjiff  j^raduattHl  to  foci  and  t^^nths,  A  Look  and  vender  aiv*  U8**«3  fd 
reiadin^  U»  huiidredtliK*  It  is  securely  nailed  to  a  lar^e  ootbir  Mnm[j. 
The  Iwiifih  ruark  is  Icu^ated  on  the  ^tiimp  which  holds  the  m*^-  ^ 
eli>vath»n  U  1,54l*J*7  f****t  alMno  th(^  datiifii  of  the  city  of  Seat  tie.  WnA, 
Tht'  iriitiHl  point  f<n' HOUiidiTi^^*  is  a  miildrivnti  into  the  rocJt  of  a  Wm- 
loek  stiniip  on  the  rij^ht  bank.  The  ^ii0ngfi  are  iDa<!e  fn>ni  a  eabit, 
The  chnntjel  is  straight  both  above  and  l>elow  the  station.  The  rij^lil 
Imnk  is  .steep,  hij^rh,  and  never  overrtows;  the  li*ft  bank  Ik  s^t^eij  luii] 
overflovvi^  at  <*xtreme  liigh  wat^r  The  be<i  of  the  stream  is  nx'kj 
near  the  left  bank,  and  of  gravel  and  san<i  at  tfie  rij^ht  bank.  rn<!ei> 
lying  the  l>ed  is  a  formation  of  y^ry  eoinpiK*t  hard  pan,  whi<4i  sboH 
no  sign  of  washing  away.  Thl^  formation  also  undorbes  the  river  ii| 
to  and  ineludin^  the  lower  portion  of  t  ■mlar  hake,  which  m  alwiil  80J 
feet  npstreaui  from  the  gaging  station.  Cedar  Lake  eoiitains  aboul 
l,2(Ki  acres  at  low  water,  ., 

During  1''02  the  following  discharge  meaaurementB  were  made 
T.  A.  Noble: 


N 


Oc'tf>l»er  ITr  Gage  height,  2.31  feet;  diwhar^e*  24*1  ^^conil-feet. 
Ockiber  IB:  Gage  height,  1.70  foet;  iliacharge,  113  Hecond-feet, 
Octdber  18:  Qa^e  height.  2,17  feet:  flist^liarge^  217  eet'iotid-feet. 
October  19:  Gage  height,  1.13  feet;  discharge,  84  second-feet. 
October  19:  Gage  height,  1.49  feet:  discharge,  89  second-feet. 

Daily  gage  height,  in  feet,  of  Cedar  River  at  Cedar  Lake,  Washington. 
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SNOQUALMIE   RIVER   ABOVE    SNOQl  ALMIK   FALLS,    WASH. 

This  Station  was  originally  established  by  T.  A.  Noble  on  Septenib 
14, 1902.  The  gage  was  then  located  l)elow  tlie  falls,  but  was  destroy 
by  the  flood  of  December  1,  1002.  On  November  2  another  gage  w 
placed  aljout  3  miles  above  Snoqualmie  Falls  post-office.  The  ga 
consisted  of  a  idain  staff  graduated  to  feet  and  tenths  and  reading 
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Lnndredtbs  of  a  foot  by  means  of  a  hook  and  vernier.  The  elevation 
tf  the  zero  on  the  gage  was  assumed  to  be  100  feet.  The  gage  was 
'astened  to  an  alder  tree.  January  3, 1903,  this  gage  was  washed  out 
ind  on  January  7  was  replaced  by  a  gage  in  two  parts,  7  and  8  feet 
ong,  respectively.  The  elevation  of  the  zero  of  the  gage  is  1(K).00  feet. 
rhe  bench  mark  is  on  a  large  maple  stump  on  the  right  bank.  It  con- 
nsts  of  a  spike  driven  into  the  stump  about  4  feet  from  the  ground, 
rhis  is  also  the  initial  point  for  the  soundings.  The  right  bank  is 
Ugh  and  never  overflows;  the  left  bank  overflows  at  extreme  high 
vater.  The  bed  of  the  stream  is  of  gravel  and  sand  and  is  not  liable 
to  shift.  The  station  is  located  below  the  junction  of  the  North, 
South,  and  Middle  forks  of  Snoqualmie  River.  At  8no(iualmie  Falls, 
about  4  miles  below  this  station,  the  river  flows  over  a  preeii)ice  208 
feet  high.  Alwve  the  falls  the  Snotiualmie  Falls  Power  CoinpHuy  has 
built  a  dam  and  water  power  plant.  The  slack  water  from  this  dam 
Teaches  back  from  the  falls  about  3  miles  and  probably  affects  the  flow 
of  the  river  slightly  at  the  gaging  station.  This  is  the  only  possible 
location  for  a  gaging  station  which  will  include  all  three  forks  of  the 
river. 

During  1002  the  following  discharge  measurements  were  made  by 
T.  A.  Noble: 

«  September  20:  Gage  height,  1.15  feet;  discharge,  727  second-feet. 
"October  14:  Gage  height,  1.04  feet;  discharge.  641  second-feet. 
^November  3:  Gkige  height,  5.04  feet;  discharge,  8,231  second-feet. 
'►December  14:  Gage  height,  3.37  feet;  discharge,  1,888  second-feet. 
^  December  17:  Gage  height,  2.76  feet;  discharge,  1,384  second-feet. 

i^ily  gage  height,  in  feet,  of  Snoqualmie  River  hidow  Snoqualmie  Falln,  Wdsh- 

ington. 
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a  Below  the  falls.      f>  Above  the  falls.     <?  Gage  washed  out.    Station  removed  above  falls. 
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^                SKVKOMlsa   KIVER   (bOUTIi    FOEK)    NKAK   INDEX,  WASH. 

"  I1ilj«  sUition  wiif^  osilablished  Octol>c?r  »),  Jtt02,  by  T.  A,  Noble,    It 

is  locjik^d  nlMmi  2  miles  iilKive  Iiidi^x  and  alwiit  iJ(W»  feet  fi'oiji  the  mil- 

roa*]  track*     The  gage  b  a  plain  staff  graduatetl  to  feet  and  t€nlbi 
A  hook  and  vernier  are  used  for  i*eadirig  to  huudi^ths  uf  h  foot* 

Heiulhigs  are  made  dailj^  b}'  Lou  la  G.  Heybi-ook*     Tl»e  gage  \n  fas- 
tened l>y  means  of  phijrs  driven  In  drill  Tn>h*s  in  the  s<dl<l  rock*    Tbe 

bench  mark 

is  a 

cro8iS 

eut  in  the  i 

•oek  about 

G  feel  alio%'e  Jow 

nflti^r  1 

and  ii)  feet  downstream  from  the  frage.  It^  elevation  as  obtaind 
from  the  Great  Northern  Railway  is  07U.15S  feet.  The  e!e  vat  ion  of 
the  zero  of  the  gage  is  6f>'J/J2tj  feet.  The  initial  point  for  sounding  i* 
on  the  left  bank  at  a  plug  driven  in  the  solid  rock  10  feet  from  the 
edge  of  stream  at  low  water.  The  gagings  are  made  from  a  caUle. 
The  ehannel  is  straight^  both  above  and  below  the  station.  Both 
banks  are  of  solid  rock.  The  lied  of  the  stream  is  of  sand  and  gravel, 
not  liable  to  change  except  Jiear  the  left  liank,  where  the  sand  shifts 
at  high  wat^r.  This  doeH  not  cause  any  important  change  in  tbu 
cross  section.  This  station  is  'JOG  feet  upstream  from  Sunset  Falls, 
where  the  river  plunges  down  a  solid  granite  ledge  with  a  slope  of 
about  two  horizontal  to  ono  vertical.  The  Icdgts  answers  the  purjiose 
of  a  spillway  in  regulating  the  flow  of  the  river  at  the  gaging  station, 
since  the  water  has  a  free  flischarge  and  n  permanent  bed  just  below 
the  st-atiou. 
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Daily  gage  height^  in  feet,  of  Skykomish  (South  Fork)  River  nettr  Index,  Watth. 

Day.  Oct.  i  Nov.  Dec. 
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IHitchdrge  meiiHureinentH  of  Skykomiah  River  (South  Fork)  ueor  In(h\v,  Wash, 
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l,8a5 

2,850 

946 


STILAOUAMISH  RIVER  NEAR  ROBE,  WASH. 

This  Station  was  established  December  3,  1002,  by  T.  A.  Noble.  It 
is  located  at  the  bridge  of  the  Everett  and  Monte  Cristo  Railway,  1^ 
miles  east  of  Robe,  Wash.  The  gage  is  a  plain  staff  graduated  to 
feet  and  tenths,  and  read  by  means  of  a  hook  gage  and  vernier  to  hun- 
dredths. It  is  fastened  to  the  east  ])ridgo  pier,  and  is  read  daily  by 
Wm.  A.  Dobson.  Arrangements  will  be  made  for  gaging  the  river 
daring  the  coming  summer.  The  bench  mark  is  the  top  of  the  rail 
above  the  east  pier  of  the  bridge.  Its  elevation  is  OOl.OO  feet  above 
sea  level.  The  elevation  of  the  zero  of  the  gage  is  873.184  feet.  The 
elevation  of  the  brids:e  to  which  the  gage  is  attached  was  furnished 
by  the  Everett  and  Monte  Cristo  Railway  Company. 
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Daily  gage  heights  in/mf^  qf  Htil^iuamUh  Ripfr  B*«r  Rntit\  Wmk. 


m^. 

D<w. 

D*r, 

Dm:. 

tmf. 

Hip. 

v^.      ^ 

r^ 

*..."? 

^            ,  .  **..- 

a4Q 
am 

i.3|D 
1411 

1^ 

twa 

n ,. 

401 

JB5.. ....... 

a.- ^„^ 

J 
lip 

10 — ; 

IK.,*,,, 

m ,, 

IV^ 

a.,„ 

aw 

a») 
am 
aio 

441 

4 

li.  ,_. ,,„ 

■1 

s 

ia.,..,.,*„.^. 

£1          .     ^ 

IflJ 

»!„.„.,-.,.,_. 

S4< 

i6. *..«-,„-.. - 

»....,.,.««„ 
$1,..^......... 

itr 

UP«   t  ^  «,b^  V  ,t^«  f»M.&« 

m;i>H<IN  BAY  JIUAIKAGK  ItAHIX- 


H^Hod  Hiver  ilniinn  a  liir^t*  bamn  in  the  Uiiitetl  Stat4?w,  cov«^rin|f  pa^ 
'^otiti  uf  MuHRwota  aiiil  Niii-th  rmd  South  Diikota,  t'liaracterized  Kyi 
level  to j>0|^aphy,  broken  up  in  pl»C6i^  by  moraines  nnd  iit her  ;,'l;vrbl 
ileposits.  The  major  part  ]h  prairie,  ami  it^  eastern  half  has  an 
abiindaDce  of  hikas  and  some  woocLs,  The  inahi  river  flows  nearly 
tluo  north,  eiittini(  a  th^ep  iiharifiel  in  lis  bnmd  level  valley  ami  is 
HUbject  to  nudden  rises  eaUL4c?d  by  heavy  sprinjj  rains,  etitaiUni?  fre- 
qufsntly  eoiiHidernble  loss  of  life  and  property.  The  valley  of  IM 
River  coinprifcieH  about  Djt.HHJ,iHX)  ac'res  of  exc!«llent  agrleulturjil  lands 
wlifeh  to  a  lar^e  extent  ftl  ill  await  8t>ttlement,  A  iiunilwr  of  vfnX^f 
powei>i  have  been  dmxdoped  durinji^  reix^nfc  yt^arn  on  the  tributanra 
enterinji^  fnnii  both  sldeK* 

Jied  River  drains  into  Ilndson  Hay  Hi  rough  Lake  Winnii>ej^  ami 
Nelwon  River.  Red  Lake  River,  one  of  its  prineipal  tributaries*  h 
Minnesota,  drains  lied  Lake  in  the  northern  part  of  the  State.  She)- 
eiine  River^  its  principal  tributary  from  North  Dakota,  joins  the  R«^ 
River  about  10  miles  below  Fargo,  N\  Dak. 

St,  Mary  River  heads  in  northern  Montana,  near  the  Canadian 
boundary  line,  on  the  eastern  slojx^  of  tlie  juain  range  of  the  Rocky 
Mountains,  in  a  rt*gion  of  perpetual  snow  and  iu  the  midst  of  numer' 
oils  glaei  e  rs .  Its  tarts  f  r  o  t  n  t  h  e  gi*ea  1 1 U  h  e  k  f  oo  t  i}  lae  ie  r  ( p  ro  I  >abl  y  the 
largest  in  the  Roeky  Mountains  within  the  rnited  States)  and  rec.*eivt*s 
affluents  from  at  least  a  dozen  lesser  ones.  Tlicse  small  streams  uniti' 
within  a  short distanee  from  their  sourees  aiid  fi*nv  into  a  lakehemine<l 
in  by  high  mountains,  known  as  upiM?r  St.  Mary  Lake,  Below  this, 
gepa rated  l>y  a  narrow  siri[>  of  land,  is  kmer  St*  Mary  T^ke.  The 
aggregate  length  of  these  twf >  lakes  is  ubout.  22  miles.  The  River  flows 
out  of  the  lower  hike,  the  elevation  of  which  is  4,4fJ0  feet  above  sea 
level,  and  within  two  miles  is  joined  by  a  stream  nearly^if  not  quite, 
as  large  as  itself,  known  as  Swifteurrent  Creek,  whieh  reeeives  the 
water  of  the  (Trinnell  Ulaeier  and  four  h^sser  imes.  From  the  eonflit- 
ence  of  these  streams  to  the  bounaary  of  the  Jiritish  possessions,  a 
distance  of  12  miles,  the  river  flows  in  a  northerly  directiou^     Euter- 
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;  Alberta,  it  empties  into  Belly  River,  its  waters  at  length  finding 

5ir  way  through  Saskatchewan  River  into  Hudson  Bay.     A  canal 

9  been  constructed  in  Canada,  by  the  Canadian  Northwest  Irriga- 

n  Company,  which  diverts  water  from  the  right  bank  of  St.  Mary 

ver  about  5  miles  below  the  international  boundary  line. 

rhe  following  list  includes  the  stations  of  the  Hudson  Bay  drainage 

jin: 

St.  Mary  River  at  international  line  near  Cardston.  Alberta. 

St.  Mary  River  at  Main,  Mont. 

Swiftcnrrent  Greek  at  Henkers  ranch  near  St.  Mary,  Mont. 

St.  Mary  River  at  dam  site  near  St.  Mary,  Mont. 

Red  River  at  Emerson,  Manitoba. 

Red  Lake  River  at  Crookston,  Minn. 

Red  River  at  Grand  Forks,  N.  Dak. 

Sheyenne  River  at  Haggart,  N.  Dak. 

Red  River  at  Fargo,  N.  Dak. 

Devils  Lake  at  Devils  Lake,  N.  Dak 

.  MART  RIVER  AT  INTERNATIONAL  LINE  NEAR  (CARDSTON,  ALBERTA. 

This  Station  was  established  October  11,  1902,  by  C.  T.  Prall.  It  is 
cated  one-quarter  mile  north  of  the  Montana  line  and  17  miles  south 
Cardston,  Alberta.  The  gage  is  of  the  usual  wire  type  with  the 
ige  board  graduated  to  feet  and  tenths.  The  length  from  the  bot^ 
m  of  the  weight  to  the  marker  is  10.85  feet.  It  is  fastened  to  a  tree 
id  a  -post.  The  initial  point  for  sounding  is  on  the  left  bank.  The 
lannel  is  straight  for  300  feet  above  and  150  feet  below  the  station. 
he  right  bank  is  high  and  not  liable  to  overflow.  The  left  bank  is 
)ping  and  liable  to  overflow  at  very  high  water.  The  l)ed  of  the 
ream  is  of  sand  and  gravel,  but  not  liable  to  scour.  The  measure- 
3nt8  are  made  from  a  car  and  cable.  The  observer  is  Vernon  Shaw, 
inch  mark  No.  1  is  a  GO-penny  spike  driven  in  a  cottonwood  tree 
iated  directly  back  of  the  rod.  Its  elevation  is  12.02  feet  above  the 
■o  of  the  gage.  Bench  mark  No.  2  is  a  00-penny  spike  driviMi  in  a 
it  1  foot  in  diameter  and  2  feet  high.  T\w  post  is  set  in  the  ground 
feet  northwest  of  the  gage  rod.  Its  elevation  is  17.50  feet  above 
\  zero  of  the  gage. 
rhe  following  discharge  nieasmenients  wen^  made  <luring  1IH)2: 

October  11:  Gage  height.  f\M)  feet:  iliHcharKe,  501  stHrtnul-feet. 
CX5t<)l)er  28:  (j-age  height,  JJ.05  feet:  (liHcliarge,  Ii87  necoud-feet. 
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1^1^  i^ 


Ottiiif  giifftf  hHnhtt  in  /f*t.  Qf  8t,  Mar^  River  nt  I nlt^mati&fml  ^Ijw!,  twtir  C*ard«l»ft,  _ 

Alberta. 


D*T, 

a^^ 

Oct. 

Ko*. 

Etee. 

d»r 

mpv 

Oct. 

Hmr, 

Dtt 

j,,„ ,„,„ 

4(«l 

i.oo 



a^ 
a9ii 

4110 

aifi 
aiKi 

a4a 
aiA 
a^ 
aeii 
Hsrt 
aM 
aci 

am 

atf 
am 
a» 
a« 
am 
aao 

aisfi 

aw 
a  50 
aan 

a«i 
a  HI) 
a«) 

4t« 

4(M) 
4(1W 
4  SO 
5.  SO 

auu 
aaci 

&,«! 

IT...  _,„_,,„ 

1«,.    .. 

li ,-..,.*,-. 

tl ,„, 

401 
4U0 
4(» 
4I« 
41Q 
410 
411* 
410 
400 
4.W 
4fiO 
400 
410 
400 

a«a 
aw 
a« 
am 
anu 

atR 

aou 

aw 

aft) 

avi 

ano, 

aft« 

atf 

&4ft 

a« 
aiR 
a«o 
a«& 
aia 
ai» 
a«i 
aw 
ani 
a£& 
as 
aoD 
ad( 
am 

IlII 

J 

^a 

^-z 

!     4^0- 

1   ^^ 

♦.10 
410 

1  i^n 

1     iM 

km 
i.m 
ati 

410 

&9 
10 

't„^„... •„,.,. 

t8 , 

fe^...^ .- 

»rt..„... 

ffli  .             ,     ... 

iw.. ... 

ffi **, 

« ,,^.^.,* 

jsr . — .- 

* -...*,*-. 

».. „, 

at   .  ** »,, 

f., — 

^r:::™: 

a,*.* ..*.« 

n. 

to 


ST,  MiLRY   MVER   AT   MAIN,  MoNT. 


located  at  the  highwtij  bridj^o  at  Main,  abuui  1  iiiil«3  lieluw  the  mouth 
^f  S  w  i  f  t^'  \  1  rn?  n  t  < '  n?  (^  k .     J )  n  ri  ii^^  I  [♦(  K1  h  n  ii  rii  1  wr  of  in  ea  su  re  me  n  ts  we  re 
TOftdeat  this  {K)iiH,,  and  a  Ic^nipomry  boneli  mark  was  established,  cod- 
sisting  of  ri  iutU*\\  in  1  U**  liiidnM*  on  tin*  downstream  side  of  tht*  ri^ilit 
abutmt^nt.     When  tin*  Hlatiini  was  enlablti^hod  the  hei]Q:htuf  this  notdi 
OU  tho  gage  was  fcnintl   to  hi*   IJfU  U^ot.     Tlip  rm\  is  vertical  and  is 
ispiked  to  thr  IiihImm's  on  iW  \o\wv  oinl  t*r  tln^  left  abiitmeut*     Heueii 
mark  No,  1  i«  it  nail  In  the  bUi/.e  of  a  </otton\vood  tree  13  feet  north 
west  of  the  ror!,  and  is  at  an  elevation  of  4,41 8.411  feet.     Bench  mart 
No.  i2  is  a  temporary  Iteiu^h  mark  <>f  tin'  UJiJc>graphic  division,  t'onsisl^ 
ing  of  a  ^Htone  in  the  roatl  4niJ  feet  northwest  of  the  Imdge,  at  ati 
elevation  of  4,411*  feet.     The  elevation   of   the   zcto  of  the  rod  i^ 
4,411,72.     The  ehttnnel  above  and  l^elow  thv  station  !8  straight,  nn^ 
the  velocity  of  the  water  is  swift.     The  right  bank  is  high,  and  the 
left  bank  is  low  and  liable  to  overflow.     A  short  distance  west  of  the 
bridge  is  a  slough  which  carries  some  water  during  flood  stages,  and, 
therefore,  has  to  be  gaged  on  such  occasions.     The  bed  of  the  stream 
consists  of  gravel  and  bowldei-s.    The  station  was  d iscontinued  Novem- 
ber 1,  1902.     Stations  at  Dam  Site  and  at  llenkel's  ranch  give  the 
discharge  at  Main. 
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Dat«. 


Hydrographer. 


iSSTt.     I>i«eharKe. 


1902.  I 

y  - J.S.Baker 

Lmgtiftt  22  .  -     W.  B.  Freeman  . 

eml)er  2      ...    do 

etnl)er22-       C.T.PraU 

aher3()-.- W.  B.  Freeman  . 

ober8 I  C.T.PraU 

ober  17 [ do 

ober  ^H I do 

obeT^1«» do 


heigl 

Feet. 

0.10 

1.50 

1.11 

.61 

.61 

.57 

.  55 

.  85 


Sectynd-feet . 

168 
944 
661 
420 
407 
402 
402 
311 
281 


Lkiilif  ga(je  height,  in  feet,  of  St.  Mary  River  at  Main.  Mont. 


i         D«y 

Jail. 

0.05 
.(R) 
.00 
.00 
.00 
-  .10 

-  .10 

-  .10 

-  .10 

-  .15 
.16 

-  .15 

-  .10 
+  .10 

.10 
.15 
.15 
.20 
.20 
.20 
.20 
.16 
.15 
.15 
.15 
.15 
.15 
.16 
.20 
.20 
.20 

Feb. 

- 

0.25 
.25 
.26 
.25 
.25 
.«) 
.20 
.20 
.20 
.20 
.15 
.15 
.16 
.15 
.10 
.10 
.10 
.10 
.10 
.10 
.05 

.(r> 

.05 
.05 
.05 
.05 
.05 
.05 

Mar. 

Apr. 
().05 

-.05; 

-  .06 

.00 

1 
.00, 

.(J5 

.05 

.10  . 

.10 

.10 

.15 

.15 

.20 

.20 

.20 

.:«) 

.40 
.44) 
.50 
.50 
.."lO 
.  .V> 
.  55 
.(«) 

.m 
.(« 

.05 

.(V> 
.70 
.70 

May. 

0.70 
.75 
.75  { 
.80 
.«)  1 
.«5  ' 
1.00 
1. 10 

1.:*) 
i.(«) 

l.HO 
2.(K) 
2.:4) 

2.  HO  1 
3. 10  1 
3.44) 

3.  HO  1 
3.00  1 
3.(«) 
4.20 
5.00  ' 
4.50 
(.44) 
4.50 
4.44) 
4.1) 
4.25 

4.:{5 

4.(50 

.  4. HO  1 
4.50  ! 

June. 

4.44) 
4.20 
4.00 
3.70  1 
3.(«) 
3.44)  ' 

3.a) 

3.30 
3.44) 
3.50 
3.50 
3.44) 
3.40 

3.  a) 

3.40 
3.30  1 
3. 20  1 
3.10  : 
3.00 
2.W)  \ 
2.  HO 
3. 10  ' 
3. 10 
3. 10 
3. 10 
3. :«) 
3.:io 
3.:*)! 
3.:io  1 

3.44) 

July. 

3.40 

3.70 

6.25 

«.50  1 

5.  HI) 

5.00 

4.  HO 

4.00 

3.(«) 

3.44) 

3.20 

2.00 

2.  HI) 
2.70 
2.(«) 
2.(50 
2.50 
2.40 

2.;«» 

2.44) 

2.40 

2.50 

2.50 

2.(50 

2.(50 

2.(50 

2.00 

2.50  • 

2.  45 

2  .T>  ' 

Auk. 

2.25 
2.15 
2.05 
l.«5 
l.ttO  . 
l.VM)  ': 
1.00  ' 
l.W 

l.tfi 

1.H5 

l.J)0 

1.H5 

l.HO 

1.75 

1.70 

1.70 

1.70 

l.(«> 

1.(50 

l.(i5 

1.(50 

1.50 

l.TM) 

I.TjO 

1.50  ' 

1.4.5, 

1.45 

1.40 

1.:^, 

1.30  1 

Sept. 

1.25 

1.15 

1.05 

1.00 

1.00 

1.00 

1.00 

l.(K) 

.00 

.«) 

.01) 

.H5 

.H5 

.HO 

.75 

.HO 

HO 

.75 

.75 

.70 

(50 

..50 

.10 

.:«> 
.:r> 
.:«> 

.30 
.30 
.30 
.30 

Oct 

K-""". 

0.(6 
.05 

..» 

.05 
.OJ) 
.(V) 
.00 
.(« 
.05 
.05 
.05 
.10 
.10 
.10 
.10 
.10 
.10 
.10 
.05 
.05 
.05 
.05 
.00 
.00 
.00 
.00 

-  .06 

-  .(15 

-  (fi 

-  .05 

-  .05 

().») 
40 

^c.. 

40 

s^- 

40 

^E 

.80 

F: ::::::-::::: 

.:*) 

.30 
.25 

I  1 

25 

p_ 

.25 

i::::::::::::::::: 

.») 
.20 
.21) 

9a. 

25 

*, 

20 

20 

17, 
ICI 

.20 
.25 

1» 

ftl^ 

«1 .„ 

^ 

»« 

^ 

^ 

^ 

5*28 

STltKAM   MKASUREMKNTil   IN 

1902,  PART   IV. 

IV.  i 

Uat 

ing  tattii-fifrSt.  Mary  Ri^er 

at  Main,  Jfcmf. 

FBOM  JAirtTAKy  1  TC>  JtTKK  81,  !»«. 

__l 

M^. 

DJioliftrBik 

M^^t. 

Dim^uiTV^ 

iSSSi. 

«-*«».  L^grt. 

DtataW^I 

f^et. 

jg^OtWWl'/eW. 

F^r 

^fomd-^/ttFt* 

PutL 

SKffmt-frt^t, 

f^<. 

1 

-1.4 

41 

0.8 

415 

a,o 

3,4tl 

5,3 

5,  MB 

-I.S 

48 

1.0 

501 

«,8 

d.im 

5.4 

5,J» 

"lA) 

57 

1.3 

087 

a.i 

'J,  910 

3,6 

i.m 

-  ,8 

70    ' 

1.4 

«T» 

3.« 

H.1S4 

S.8 

9,m 

-  ,e 

87 

1,6    ' 

7^ 

a,  8 

d,8dt!f 

6.0 

»,m 

-  A 

109 

l.« 

1          OAO 

4,0 

8,642 

6,2 

»,m  ' 

-  ,B 

m 

S.O 

l,!^k2 

i.^ 

8.866 

6.4 

t.m 

.0 

17ft 

3.2 

1.449 

4,4 

4,1H0 

6,6 

«.8U  H 

.S 

2S1> 

^,4 

i.^eo 

4.0 

4,«7^ 

6.6 

7.IIW 

,4 

BTB 

2,6 

l,94M 

4,8 

4,618 

«« 

8$^ 

a.B 

ajTfl 

5J) 

4,662 

1 

FBOM  JUITE  »F  TO  DSCRMB^ 

KB  91,  !«£, 

-Lo 

57 

0,0 

190 

t.o 

61S 

^,0 

1,«) 

-  .8 

70 

,2 

S57 

1,3 

730 

^'g.a 

i,4«y 

-   .6 

87 

.4              390 

1.4 

842 

-  ,4 

1()H 

.a 

424     ||       KO 

»H6 

1 

-  ,3 

1413    ! 

Tvl^     j        K8 

1.188 

"  Prom  thiw  hei^lit  the  tables  are  the  same. 

Esthnati'd  numthly  discJiavifv  of  St.  Mary  River  at  Main,  Mont. 
I  Drainage  area,  :iVJ»<  H<iuiire  milew.] 

r "   "  "   ^  , '  I 

r)Ls<'harKt^  in  seooiul-feet.  }  Ruu-«iff. 


M<»iitb. 


JauuHry     

Febniary  - 
March  . 

April     

May  -  _ . 

June  - 

July 

AuKUHt 

Septeuil^er 

October  1  to  18  . 


Maximum. 


220 
2:J2 
liC) 

\,\'M) 
(),  ()1»2 

i.oor 

750 


Minimum.       Mean 


IS.-) 
Km 
Hm 

2.  ITS 

1 .  .")()S 

7  so 
2ii;j 


Total  in      | 
acre-feet.     '  8e»e<^nd-fwt 


perstiuare   I>^'Pl^^ 


20.-) 

isi 

257 

2,4!H) 

2,S7:5 

'  *     '  o  ' 

IJM.M) 

■ISS 
2S2 


11, 
11, 
II. 
15, 

i.5;j, 

170, 

1(>S. 

()7 , 

2i), 

10, 


807 
:i85 
1211 
2V»2 
104 
*.»55 
2<.»2 
010 
o:{s 
074 


o.r»5 

.(•)! 
.  SC) 

s.  ;m 

1).  IS 

:J.(>6 

1.54 

.95 


(K. 


9.( 
10. 
10. 

4. 

1. 
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fcWTFTCURRENT  (7KEEK   AT   HENKEl/s  RANC^H,  NEAR  ST.  MARY,  MONT. 

This  station  was  originally  established  April  8,  1902,  by  J.  8.  Baker, 
jid  was  located  one-half  mile  northwest  of  Ilenkers  ranch  and  36 
niles  noriihwest  of  Browning,  Mont.  The  nearest  post-office  is  Wet- 
»!.  Henkel's  ranch  is  reached  by  regular  stage  from  Wetzel,  Mont, 
rhe  gage  is  of  the  usual  wire  type,  with  the  gage  rod  graduated  to  feet 
iDd  tenths.  It  is  firmly  nailed  to  a  horizontal  support,  and  is  rea<l 
laily  by  Henry  Ilenkel.  The  initial  point  for  sounding  is  on  the  left 
bank,  and  measurements  are  made  from  a  cable  and  ea.r.  Tho  chan- 
uel  is  straight  for  500  feet  al)Ove  and  200  feet  l)elow  the  station.  The 
right  l)ank  is  low  and  liable  to  overflow;  tlie  left  bank  is  high  and 
waoky.  The  l>ed  of  the  stream  is  rocky.  The  station  as  originally 
established  by  J.  S.  Baker  was  washed  away  by  the  high  water  in  June, 
JJK)2,  and  wjis  reestablishcHl  July  'M\  1!»02,  by  W.  W.  Schlocht.  The 
original  gago  was  placed  on  the  right  bank  of  tlu*  stream.  The  new 
gage  is  locat4?d  1,S00  feet  alx)ve  the  first  gage  and  on  the.  same  bank 
of  the  stream.  The  gage  was  again  moved  on  Septeml)er  27,  11K)2, 
iy  C.  T.  Prall,  as  the  second  location  was  directly  a])ove  a  dam. 
Hie  present  gage  is  located  about.  0(M)  feet  a])Ove  the  former 
tation.  The  length  from  the  pointer  to  the  bottom  of  the  weight  is 
4.60  feet.  The  distance  from  the  zero  of  the  rod  to  the  outside  of 
he  pulley  is  2.15  feet.  Bench  mark  No.  1  is  a  point  chipped  on  a 
arge  l)owlder  32.4  feet  south  of  the  gage.  Its  elevation  is  12.52  feet 
^bove  the  zero  of  the  gage.  Bench  mark  No.  2  is  the  head  of  a 
'O-penny  wire  nail  driven  in  a  cotton  wood  tree  04.4  feet  east  of  the 
rage.     Its  elevation  is  12.80  feet  above  the  zero  of  the  gage. 

^Micharge  meaaurements  of   Swiftcurrent  Creek  at  HenkeVs  ranch,   near  St. 

Mary,  Mont. 


I 
Date.  I  Hydroffraphor. 


Gage 
height. 


Discharge. 


1902.  I  I  Fevt.       S*nmil-feet. 

^pril  0. '  J.S.Baker 1  1.50  67 

D<) ...do .             .'  1.50  r>H 

LnKti-stll I  W.B. Freeman    ..    2.40  a:^S 

LUKiiat22.. ...  do. ....     .    .  2.22  254 

epteml)er  2 ' do.. 1.94  170 

tetol)er8..-     ...-.     do    .       2.00.  15« 

)ctoberl7. i  C.T. Prall ;  1.92  1H9 

)ctol)er2;^ '   ..     do .       1.70  101 

kjtoberJ^O..      .       do. l.«>8|  98 

tdy  30 W.  B.  Freeman -   .  ,  2. 50  ,  418 

teptember22 C.T.Prall 1.85  1  113 

^tember29 do 2.05  1  168 
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"  Rivor  frozen. 
Rating  fable  for  Swiftcurrent  i^rcek  near  St.  Marfi,  Mont.,  for  lUOi'. 


Gage 
height. 

Di-Hcharge. 

height. 

Discharge. 

Gage 
1   height. 

Di 

s<'liarge. 

height. 

r)i.s*-hiir! 

hWt. 

Sti 

<ntd-jWt. 

Ft  it. 

St'r,,„<l-/,rf. 

!     ,wf. 

Sf 

■nnd-fret. 

hWt. 

Serniui'J 

1.0 

:U) 

2.  H 

57S 

4.0 

1 .  577 

0.4 

2.57 

1.2 

4.-) 

:{.() 

(isii 

4.S 

1 .  ()88 

0.0 

'^.i'^ 

1.4 

58 

:i.2 

800 

1       5. 0 

1 .  71)i> 

0.  8 

2.  71) 

1.0 

78 

?>.  4 

1)11 

5.2 

1.010 

7.0 

2,91 

l.H 

108 

8.0 

1,022 

5.4 

2.021 

7.2 

8.0t; 

2.0 

i.v; 

8.8 

1,  l:w 

5,0 

2.182 

7.4 

8.1; 

2.2 

245 

4.0 

1 .  244 

5.S 

2.248 

7.() 

8.  2^ 

2.4 

;i50 

4.2 

1 ,  855 

0.(1 

2.854 

7.8 

8,  8: 

2.6 

407 

4.4 

1 ,  400 

0.  2 

2.405 
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Eitimated  motitMy  diseharge  of  Stcifteurrent  Creek  at  UenkeVn  -ranch  near 

St.  Mary,  Mont. 


I 


[Drainage  area,  101  ftquare  mileH.J 


Discharge  in  aeoond-feet. 


Run-off. 


Month. 


,  T>fn.-rinriTiTn  j  Minimum.  *    Mean. 


1902. 

Aprila 

May 

June 

July 

August . 

September 

Octolier 

Novemlier  .  . 


1,966 

1,799 

2,909 

412 

412 

128 

78 


156 
245 

301 
190 
108 

78 

58 


Total  in 

acre-feet.  ]  Second-feet 
'  per  square 
'       mile. 


109 
989 
880 
886 
276 
168 
106 
66  ' 


6, 

60, 

52, 

51, 

16. 

9, 

6, 

3, 


485 
811 
360 
404 
971 
996 
517 
927 


1.08 
9.79 
8.71 
8.28 
2.73 
1.06 
1.05 
.65 


Depth  in 
inches. 


1.20 
11.30 
9.71 
9.55 
3. 15 

i.ai 

1.21 
.73 


n  DiBcharKt'H  from  Ist  to  7th  oHtimated. 


ST.  MAKY  RIVKR  AT  DAM  SITE  NEAR  ST.  MARY,  MONT. 

This  'station  was  established  April  9,  1902,  by  J.  S.  Baker.     It  is 
located  on  Henry  Henkel's  ranch,  about  1  mile  east  of  his  house,  and 
is  35  miles  northwest  of  Browning,  Mont.     It  is  also  about  4,500  feet 
below  Lower  St.  Mary  Lake.     The  gage,  which  is  located  about  1,000 
feet  above  the  cable  from  which  the  measurements  are  made,  is  of  the 
Qsaal  wire  type.     It  is  supported  upon  a  horizontal  arm  which  extends 
over  the  river  and  is  fastened  to  a  cottonwood   stump.     The  scale 
board  is  graduated  to  feet  and  tenths.     The  length  of  the  wire  from 
the  bottom  of  the  weight  to  the  marker  is  11.40  feet.     The  observer 
is  Henry  Henkel,  who  lives  about  1  mile  west  of  the  gage.     The  chan- 
nel is  straight  both  above  and  l)elow  the  station  and  the  banks  are 
high.     The  stream  has  a  moderate  velocity  and  the  banks  have  gentle 
slopes.     The  l>ed  of  the  stream  is  composed  of  gravel  and  ])owlders. 
The  initial  point  for  soundings  is  on  the  left  ])ank  at  the  middle  of 
the  cottonwood  tree  to  which  the  cable  is  fastened.     Hench  mark  No. 
1  is  a  spike  in  the  foot  of  a  cottonwood  treo  3()  feet  nortli  of  tlie  gage. 
It  is  marked  B.  M.  9.24.     Its  elevation  above  the  zero  of  the  gage  Ls 
9.24  feet.     Bench  mark  No.  2  is  a  wire  spike  in  the  rear  post  of  the 
gage.     It  is  marked  B.  M.  0.97  feet.     Its  elevation  above  the  zero  of 
the  gage  is  6.97  feet. 


2a2 


htrka:m  mkahhrkmkxi^s  in  \mz,  vxht  i\\ 


Di«cJiiirge  mpartutYnusnU  of  Si.  Marjt  Hiv*^  tii  dam  niU  H^ar  St.  Jtfarf ,  Mwt, 


^}- 


April  9   .-,  . 

Aprils     --.,.,.. 
Julym 
AvLgti^t  r\. 
Augn^it  V} 
Anioifft  '^1^      . . 

OotnlM^r  Hi) 


Hydruin»pli«r. 


J.8, Baker  _._ 

.1.1 

do 
a  T,  Prall 
W.n/Prt*t*nmw 

CT.Pmll 


hSS^%, 


m»hm  I 


J^t. 

mfrnd-frnt.   1 

hSU 

»4 

um 

«c 

^m 

u^ 

a  so 

m 

ajKi 

m  i 

^,:h 

fl3fi 

a.i: 

fc^ 

3,t)0 

la 

Lfr3 

^ 

1,H' 

iSCJ 

I.Ta 

^1 

urn 

1^ 

Daii^  gtjgr  tmghf,  in  feet,  of  iSf»  Marfi  Hit*ft  af  flam  nih' 


St.  MtiTM,  Jf«)il 


D»y. 

Apr. 

8    _  .  .   .  _.. *. ». 

^^mJ>m***i 

a,.. ,.. „. 

4                             -»      .-.., 

ih            .*  -  . .  -. 

8,, .„_ 

f 

8_..... .. ,„,.-.. 

0.,.. ,, , !    Lm  . 

II. 


1  »l 


n 

„_„ .J      1,1111 

IS. 

~--|   '■- 

JNI 

»_„.. _„„J     i.ai 

21      

'       1.50 

28 

\.m 

23 

1.70 

24                

1.80 

25      

1.80 

26 

1.00 

27 

i.eo 

28      

'    I.eo 

29 

I.eo 

80 

1  70 

31 1 

Ita^F* 


j.m 
a  (II 

i.m 

Jf.80 
am 

asn 
fail 
r;«i 
♦  :ii 
firm 
^^.^H) 
(i.do 
«.(io 
«.ao 

6.10 
6.00 
6.00 
5.00 
5.10 
6.00 
6.00 


iam*, 


&I0 

e.tfi 

A.ttt 

i  m 

*.lo 

4.441 

4.»l 
4  )U 
4.1*1 
4  :«i 
I.  an 

4J«I 
H.  W ) 

:i  f)0 

a.TiO 
3.20 
3.20 
3.80 
3.70 
4.  CO 
4.«) 
3.  HO 


ilttlj*       Auk.     Se|»t         i>rt       NfiT 


t^.l^ 


4.ifl 
4  # 
i.W* 

.1,^1 

5.  lit 
4.  til  ; 
4JV1  I 
1.31  ■ 
4.^1  I 

4.afi  I 

1  HI  I 
*J11  I 
4.111  I 
4.00  ; 
4.00 

:i.«o 
4.00 
4.00 
4. 10  I 
3.90 
3.90  I 
8.80  I 
3.(10 
3.riO 


ELSOJ 


3.40 
3.311 

3  m 
3.3n 

3.10 
3.10 
3. 10 
3. 10 

^  t») 
3.IX1 
3.  <«} 
3jtl 
3Ji) 
3  111 
lil» 
IS  \«> 
±H0 

2.1*0 

2.  HI 


*i.  TO 
2.70 
2.  TO 

2.««) 

2.  fa) 


2.40 

:!,«^ 

£.40 

ii.a) 

*  10 
If.  10 

2;io 
TiM 

1. 10 
110 

2.00 

2.00 

I 
2.00 

2.00  I 

1.90  I 

1.90  i 

1.90  I 

1.90  ' 

1.90  I 

l.{*0  I 


■| 


l.Stt 

i,eo 

%.m  I 

I.MI 
1J«» 
LMO 

LHO 

i.m 

Lm 
Ln> 
Lm 

Km 

1.80 
1.80 
1.8t) 
1.80 
1.80 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


LW         IS 

l.TW  1.» 
l.flD  ^       1.0 

Lmi      um 

i-flo  1  m 
I.  «&[*-«*.«. 
i.«l.. .- 

i.di  „..._ 

L«D 

i.«u1 . 

l.Uri  , ^ 

l.flO    _.._.„ 

!.«>' . 

l,rti»  _.„_ 
t.(W  __._._. 
!,«»  ,..„.. 
l.ffl    

Lm  ^ 

i.«)  i 

1.60    

1.60    

1.60    

1.50    

1.50  l.TO 
1.60  L80 
1.50  1.7« 
1.50  1.70 
1.60  l.W 
l.flO 
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Rating  table  for  Si.  Mary  River  at  dam  ttite  iu>ar  St,  Mary,  Mont,,  for  liHiJ. 


M^t. 

Discharge. 

Oaffe 
height. 

11 
Discharge.  || 

1 

Gaffe 
height. 

Discharge. 

'     Oage 
hei^t. 

DiM*harKe. 

fw^ 

Second-feet. 

1     F^et. 

Second-feet  | 

F^t. 

Second-feet. 

FVet. 

^Second  feet. 

1.0 

27 

1      2.6 

600      < 

4.2 

1,560 

5.8 

2,520 

1.2 

87 

1      2.8 

720    |l 

4.4 

1.680 

6.0 

2,640 

1.4 

67 

,      8.0 

840 1: 

4.6 

1,800 

6.2 

2,760 

1.6 

140 

1      8.2 

960    1 

4.8 

1,920 

6.4 

1       2,880 

1.8 

225 

1      3.4 

1,080    1 

5.0 

2,040 

6.6 

1      3, 000 

2.0 

310 

3.6 

1,200    il 

5.2 

2,160 

6.8 

'       3.120 

2  *^ 

395 

3.8 

1,320    ii 
1,440    il 

i! 

5.4 

3,280 

1 

2.4 

480 

;  " 

5.6 

2,400 

1 
1 

I 


Mntitpd  monthly  (liaohnrgo  of  St.  Mary  River  at  flam  site  near  St.  Mary,  Mnut. 
[Drainage  area,  177  Hquare  mileH.  | 


Discharge  in  second-feet. 


Riin-oflf. 


Month. 


!  Maximum,  i  Minimum.  '     Mean. 


I 


Total  in     | 
wre-feet.     Second-feet   tv,.,^*.!,  <„ 
,  per  Bouare    ^X'ptn  in 
I       mile. 


inches. 


1902. 
ml  9-80 

»y 

ne 

ly 

igust 

ptember 

tober  _ _ 

►vember 

cember  1-6  and 
I8-:^1. 


2,820 

2,700  i 

8,000 

1,140 

540 

267 

182 


810 
960 
1,140 
600 
267 
182 
97 


136  ! 
1,359 
1,608  I 
1,792 

813  . 

357  i 

222  I 

13' 


I 


136 


5,931 
83,561 
95,682 
110, 186 
49,989 
21,243 
13,656 

8, 152 

3, 237 


0.77 
7.68 
9.09 
10.12 
4.59 
2.02 
1.25 


0.68 

8.a5 

10.14 

11.67 

5.29 

2. 25 

1.44 

.86 


RED   RIVER   AT   EMERSON,  MANITOBA. 

This  station  was  established  by  C'.  M.  Hall,  July  2(),  lOOO,  and  is 
5ated  at  the  Emerson  railway  and  traffic  bridge  one-half  mile  north 
the  international  boundary  line  at  Kinerson,  Manito])a.  It  consists 
a  board  1  by  6  inches,  painted  white,  grooved,  graduated  to  feet 
d  tenths,  and  attached  to  the  east  side  of  the  breakwater  for  the 
titer  stone  pier  of  the  bridge.  The  zero  of  the  gage  is  46.5  feet 
low  a  steel  beam  of  the  bridge  directly  over  the  gage,  and  its  eleva- 
►n  is  747.915  feet  above  sea  level.  The  bed  and  the  banks  of  the 
•eam  consist  of  clay.  Measurements  are  usually  made  from  a  row- 
at.     The  observer  for  1002  is  Robert  Rossall,  Emerson. 


^34 


STRKAH    M.£A3UR£M]fNTS    IN    liNI^,  PABT    tV. 


h 


This  Station  now  rpplaces  the  sUtioa  at  Porabina,  N.  Dnk. 
rtrndiiigy  hor<^  wei'fi  not  kept  up  in  lOtil  while  the  gage  \Vi\H  nmiiita 
at  iVnilnna  station,  but  wai*e  reHonietl  when  the  ice  broke  up  lal 
the  P(!ialiinH  sUvtion  having  bt^en  <lifieon tinned. 

The  folJoij^ing  moasnrement  was*  umde  hy  C.  M-  Hall  in  1!^)2: 

Apill26;  Gag^hdifUt,  13. Til  feet;  dificbarge,  7,MS  second-f^t. 


Ikii!^  gugf  lieight,  Irt  feet,  of  Hed  Rit^er  at  Eviertton^  Matfitoba* 


my. 

iti». 

Apr. 

tar* 

Jim». 

July 

Anif. 

Iwpt^ 

d:^     I 

1.        »  - .           ^..-. 

14.  ao 

mm 

mm 

mill 

a.  TO 

4.40 
4.iO 

4.ao 

i,lO( 

1     i_. ,._„.. 

&70 

3.  .      ,,.»...-,„ 

SITS 

..,,..-> 

%HQ 

h                                    ^-.    * 

m  10 

H.4t) 

6.  at 

4.4ri 

4.411 

%10 

r   «.....„. ., 

^m^ 

t.,~ .,, ,1 

.,^   r- 

fLm 

« ...„.„ ...,.,.. 

mm 

m  in 

4,40 
4.8» 

».MI 

»i  %-ui.J:*  J  .«.«»i*  • -1- -  ii*  V  itV  ,  ».»*-. 

B.W 

liL........^, ..•. 

^  AA 

£!.««« 

at* 

a  SO 
Km 

480 

atu 

n .„>„.-^.« ^,.-. 

3.711 

{•*                                ^ -.4^  •»«..•   i.«.L       ..1 

ia4A 

4.«)0 

4.411 

51711 

Ift     ,  .^....^«.».«.  .«..•«. >..»J 

«,7U 

L    littt*-** ---»"■»■'—*■■ -*■■■•• 

ate 

15 

17.  W 

!«.«& 

J  4. 71) 

a% 

i,6S 

4.SG 

a« 

Ul 

ITJE 

17.90 

14.on 

«.lji 

4JA 

I.1A 

«L«1 

il..- .---.-.  ,,.-1 ,-, 

t4t,«J 

IT.ili 

u.«» 

7.»J 

4.4CJ 

4.U) 

aai, 

llL     .                  , 

|f|  ^ 

14  15 

UlUi 
Hi  4/5 

lii^ri 

T-ftiV 

7.  Si 

4,  m 
4.'«> 
4.  tit 
4,4.-i 

4,(iJ 
;ii«i 

3.75 

X.WI 

». ,_....„„_. j, ,..,»., 

tfi,Ht» 

8.511 

«>_. _; „ 

\IH^ 

jn„, ,.,.....„.  .„..,. 

arn 

«.„,,..... ..„....-. 

ilHi 

».„,, ., 

UM 

17,  IMS 
17jH^ 

1l,:ii 

aK5i 

4.9I» 
4I)IJ 
4,H;fi 
4.(K 
4  4"i 

ttni 

'A.iii 

m .,*,...  ^-   ^ 

la  lit 

HMi 

»_„„ ..,., ,.. 

a,5r» 

jtt ,,,.....,,,„. 

'A.m 

fi-.-.*. .,..„_,„....    Ra» 

»,<iri    ,. 

aj._ .*,*.,.,♦   . 

^1.  ir*     It.  '.it\ 

17,  Si 
17  JI» 

10  4-» 

4.44} 
4.44} 

M  7ri 

»,.,„.--..,---....,...,. 

a.w   . 

m. -...-..,.,.. ...„,..-..,.    ?7Jir    usi 

Jrt,4C( 

10.  lit 

:>  HTi  ' 

4.411 

3.«iJ 

4Jft     - 

m... ai.iTi  — 

1 

iri.ici 

TiTri 

4  4(1 

■-' 

IJv-i   - 

RED    LAKE    RIVER    AT   CROOKSTOX,  MINN. 


This  station  was  established  by  C  M.  Hall, 
located  at  the  ])rid«i;e  (connecting  Robert  street 
which  is  known  as  the  Sampson  addition  brid<i:e. 
a  weight  attaclied  to  a  woven  stecl-wii-e  rope  whi 
attached  to  the  center  of  the  single-span  bridge. 
on  a  l)oard  1  by  <J  inches,  painted  wiiite,  graduat 
Hiid  attached  to  the  east  railing  ot  \\\v^  \>v\A\i:^. 
nailed  to  one  of  the  south  piers  oV  vA^e  An'wXv^e  \s 


May    11),  11K)1.     I 

and  St.  Paul  str 

The  gage  consist 

•h  plays  over  a  pu 

Readings  are  n 

(hI  to  feet  and  ten 

\  s\\\\\Va.v  y;age  b( 


HIWKLL.] 
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water  stages.  The  zero  of  the  gage  is  820.07  feet  above  sea  level  and 
l).8  feet  below  the  bench  mark,  which  is  marked  by  one  20- penny  and 
three  J^penny  nails  driven  into  the  oast  end  of  the  breakwater  under 
the  north  end  of  the  bridge: 

During  1902  the  following  discharge  measurements  were  made  by 
CM.  Hall: 

May  3:  Gage  height,  9.95  feet;  discharge  5.009  second-feet. 
May  30:  Gage  height.  7.85  feet:  discharge,  8,154  second-feet. 
July  81:  Gage  height,  5.35  feet:  discharge,  1.473  second-fret. 

Daily  gage  height,  in  feet,  of  Red  Lake  River  at  Crookstou,  Minn, 


Day. 


iwe. 


Mar.      Apr.      May.     Juno.     July.     Aug. 


4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14.. 
Ifi.. 
16.. 
17.. 
!«.. 
19. . 
»-. 

a.. 


17.40 
7.38 
7.42 


JJ4. 
25. 

a. 

27.. 
3H.. 
».. 
:*> .. 

m .. 


I 


7.88 
7.68 
7.70 
7.86 
7.65 
7.60 
7.86 
8.10 
H.65 

8.  hi 

».:» 

i).H5 
9.60 

9.  .55 
9.(K) 


8.05 
7.75 
7.15 
7.05 
7.Jt-» 
7.25 
«.  75 
7.25 
6.70 
6.55 
6.05 
6.15 
5.85 
5.80 
6.55 
6.25 
6.05 
6.25 
5.60 
6.15 
5.15 
5.85 
5.85 
5.85 
5. 15 
5.iK> 
7.75 

7.95 

8.««) 


8.15 
8.75 
9.ff> 
9. 65 
9.55 


8.10 
7.90 

8.:*) 

9.10 
9.16 


6.61) 
6.70 
6.75 
6.85 
6.9:) 


.1 


9.05 

9.10 

7.00 

8.911 

9.20 

6.95 

8.6I> 

9.60 

0.9:} 

8.40 

9.80 

8.50 

9.70 

8.60 

9.60 

8.70 

9.60 

6.6J) 

8.70 

9.60 

6.50 

8.  HO 

9.70 

6.60 

8.60 

9.:«) 

6.55 

8.50 

9.10 

6.40 

8.60 

9.00 

6.a5 

8.  HO 

.  9.00 

6.80 

9.10 

9.00 

6.:*> 

9.60 

9.m) 

6.28 

o.m 

8.61) 

«.25 

9.80 

8.60 

6.2:) 

9.75 

8.  .50 

6.20 

9.  or) 

8.30 

5.95 

8.98 

8.00 

5.84 

H.  75 

7.40 

5.20 

H.«) 

7.(r» 

5. 15 

8.00 

7.00 

4.8,5 

8.5:i 

IJ.90 

4.()0 

H.40 

«i.70 

4.9:.' 

H.40 

4.J)0 

4.75 
5.:«) 

5.;*) 

5.40 
5.45 
.5.70 
.5.60 
5.00 

4.:«) 

5.  J*) 
4.90 
5.00 
4.70 
4.  .50 
4.80 
5.:«) 
4.. 50 
5.(4) 
5.60 
5.40 
.5.20 
5.10 
4.90 
4.95 
5.00 
5.05 
5.10 
5. 10 
5. 15 
.5. 2«) 
5. 10 


Sept. 


.5. 10 
5.05 
4.95 
4.95 
4.98 
5.00 
5.00 
4.90 
4.85 
4.88 
4.90 
4.95 

4.85 

A.m 

4.70 
4.70 
4.64 
4.64 
4.65 
4.70 
4.75 
4.74 
4.80 
4.8:J 
4.K6 
4.85 
4.87 
4.90 
4.9() 


()ot. 


Nov. 


5.10 
.5.25 
.5.20  I 
5.40  I 
.5.07  I 

5.00  I 
4.90  I 
4.95  ■ 

5.01  I 

5.04  I 

5.02  I 
.5.00 
4.98  I 
4.95 
4.97 
4.99 
.5.01 
.5.(H 

5.05  I 

5.03  I 
5.03  i 
5.00  I 

5.(r»  ' 

5. 10 
5. 20 
5.40  ' 

.5.:m  ; 

5.40 

I 

5.:)7 
.5.  :r> 
.5.;io 


5.18 
.5. 15 
5.20 
.5. 18 
5.22 
.5.40 
5.45 

.5.:jo 
5.:i5 

5.40 
5.45 
5.50 
5.  .58 

5.  .50 
5.45 
5.50 

6.  .51 
5.58 
5.60 
5.57 
5.56 
.5.53 
6.  .50 
4.98 

i.m 

4.99 
5.  .52 
5.54 
5.  .56 


'I  Frozen  during;  the  winter.    Elovation  of  Hurface  of  the  ico  7.25  to  7.40  ftx>t  on  t^m'.    Ice  18 
iDcheH  thick. 

RED   RIVER   AT   (iRANl)    FORKS,  N.   DAK. 

This  station  was  established  by  C'.  M.  Hall  May  l*6,  11)01,  and  is 
located  at  the  Northern  Pacific  Kailwa}'  bridge  crossing  the  river  at 
Grand  Forks,  N.  Dak.  The  gage  consists  of  a  1  by  8  inch  Imard, 
painted  white,  graduated  to  feet  and  tenths  in  blaek,  atvd  altaclvoid  t^o 
the  north  end  of  the  breakwater  for  the  center  piei  oi  \)c\^  \yc\^^<^. 


2H« 


STREAM    MKAHURfCMKNTH    IN    im%    PART    IV. 


j  ^0.  i&. 


TUo  3tt!i"o  of  lilt?  ga^e  vvajs  plat^oii  -^  feul  below  I  ho  kui-o  ut  Lin*  I'uik'd 
States  engineers'  gago  attuclRii]  trO  the  same  breakwater,  aucl  is  7 79, ft 
feet  above  sea  level  acjcortlhig  U>  leveling  done  by  Ww  (k>rp«  *>f  Eogi- 
neers,  United  Htnt^^s  Army,  The  danger  1  lae  is  at  4(  *  f+^et*  Tht»  chfiiiiiel 
i&^  straiglit  above  the  station*  The  bed  of  the  river  is  composed  of  mtul 
and  fine  wind  and  is  ehanf^eable;  the  water  is  usually  heavily  ladeu 
with  sediment  from  lied  Lake  River,  which  entej-s  one-iialf  of  » 
mile  above  the  station.  MeaBurementa  are  made  from  a  rowhmt 
about  150  yards  Ijelow  the  gage.     The  observer  is  John  F.  llaye#i* 

During  VM)'2  the  following  diseharge  iiieasureinents  were  m*Ml»^  by 
C.  M,  Hall: 


I 


Mtiy  17:  Ga^e-  height.  iTijil  feet:  rlischBTBe,  «.6I3  »wond-lpet," 
Muy  IH) :  Qrtge  hei j^ht ,  1 5. 70  fe**t ;  dirtcharff e ,7,1  Htl  h*** ' r m <1  -  f e»^t. " 


IkiiliJ  giliie  hi^ight,  in  fet*t,  of  Red  Ritft'i'  at  (iramt  Fork*,  X.  fkik.^ 
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SHEYENNE    RTYER    AT   HAOt^AHT,  N.  DAK. 


This  station  was  established  March  22^  l!Kli>,  by  Charles  M.  flail- 
It  is  kieateil  near  the  way  staticjn  of  llaggart,  on  thi^  Northern 
Pacific  Railroad,  o  miles  west  of  Fargo,  N.  Dak.  Tho  gage  is  a  plain 
strfi?  graduated  to  feet  ami  tent  lis  attached  to  tlie  h ridge.  It  is  rea*! 
daily  by  James  llaggart^  jr.,  who  Ifvt^s  about  half  a  mile  from  i^ 
bridge.  The  channel  ih  straight  both  above  and  lielow  the  riven  TIh' 
beil  at  the  stream  is  of  clay  and  slightly  slnfling, 

l>uriug  iun:>  the  following  tlisciiarge  iiH^asureiueuts  weiv  mmle  by 
C.  M.  Hall: 

April  M:  riajBTt^  height,  T.POfeet;  discharge,  (V43  ste^^oml-feet. 
May  ;U:  Ga^*^  bMigbt.  ."i,ri{J  fei^t;  discharge,  Mi]  an-fDnd-feet- 
Beptember  SO:  Gage  height,  S.7«  feet:  di^*harge,  411  second-feet. 


iDKH^rggg^  Lrclgbta  read  nn  ^D^nciirs^  Kttiicet  odd  nJKi  ft^t  to  ri-HLiit^ti  ni  IJ,8.  QtitiL  Sutfvj  IPN''' 
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TkiHy  gaffe  height,  in  feet,  of  Sheyenne  River  at  Htiggart,  X.  Jhik. 


Day. 


i  Mar.      Apr.   |  May.     June.  ;  July.  '   Auf;.  I  Sept. 


i«(e. 

18.00 
14.80 
15.90 
16.20 
16.50 
17.00 
17.80 
17.40 
18.00 
18.00 
18.00 
17.00 
16.40 
IH.OO 

1 

1 

1 

..1 

1 

' 

1 

1 

15.80 

15.  SO 
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15.80 
15.00 

i ."" 

14.80 
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14.80 

—       1 

14.80 

1 

18.90 

1 

11.60 

! 

10.40 

' 

10.80 

1 

9.80 

9.80 

8.60 

9.50 

8.  a) 

10.20 

7.90 


i    i«.io 

1 

8.00 
8.10 
8.10 
8.00 
8.10 
8.00 
7.90 
7.80 
7.60 
7.60 
7.60 
7.60 
7.60 
7.40 
7.80 
7.00 
7.80 
7.00 
7.10 
7.80 
7.80 
7.80 
7.80 
7.40 
7.30 
7.80 
6.90 
6.60 
6.80 
6.00 
5.60 


50 
60  , 

l» 

50 

50  ! 

40, 

40 

40 

70  i 

10 

60 

70 

60 

80 ; 

70 

3D  ' 

80 

10 
.00 
,00 

90 
,80  I 
.70  I 
,80  1 
.80  I 
.60  I 
.40  I 
.60  1 
.40  I 

80  I 


4.10  , 

4.80 

4.60 

4.40 

4.30 

4.8r) 

4.80 

4.10 

4.00  I 

4.30 

4.8r)  , 

4.80  : 

4.00 

3.80  I 

3.80  , 

3.70  ' 

3.90 

4.00  I 

4.00 

3,  HO 

3. 70 

3.80 

xm 

3.90  I 
*.00  ! 
3.80  I 
4.00  I 
4.60', 
4.00  I 
3.  HO  \ 
3,  HO  I 


3.80  I 
3.80  ; 
4.00 

4. 10 ; 

4.00  I 

3.90 

3.70 

8.«> 

3.80 

3.70 

3. 70 

3.60 

3.60  ' 

3.80  , 

3.80 

3.«0 

3.60  ! 

3.40  I 

3.40  i 

3.(iO  i 

3. 70  I 

3.60 

3.80 

3.80 

4.00 

4.10 

4.00 

4.(X)  I 

3.  HO  I 

3. 70 

3.00 


Oi'X.        Nov. 


3.80 
3.80 
3.80 
3.80  j 
3.80  I 
3.80  I 
3.80  I 

3.K)  ! 
3.80  ! 
3.80  \ 
3.70  , 
3.70 
3.70 
8.70 
3.60 
3.60 
3.  HO  ' 
3.90 
3.  HO 
3.90  ; 
3.  HO 
3.70 
3.60  > 

3.  HO 
4.(X)  ■ 
4.10  , 

4.  (JO  ' 
4.00  1 
3.  HO  1 


8.7(»; 
3.90  I 
3.90  I 
4.0i»  ' 
3.90  I 
3.80 

:..:o, 

4.00 
4.00  i 

4.10 ; 

3.90  I 
3.70' 
3.70 
3.70 
3.6(» 
3.00 
3.70  ! 
3.80  \ 
3.«)  1 
4.(Xt 
3.90 
3.80  j 
3.40  I 

4.80  I 
4.40  ! 
4.80  I 
4.00  i 
4.10  I 
4.00  ! 
4.00  I 


3.ttl 
3.90 
8.9I» 
3.911 
3.90 
4.00 
4.00 
4.00 


RED  RIVER  AT   KAR(i(),    N.  DAK. 

8tatioii  wa8  eHtablished  by  C.  M.  Hall  May  i'7,  1J>01,  and  is 
1  at  the  bridge  conneetiiig  Front  street,  Far^o,  X.  Dak.,  and 
street,  Moorhead,  Minn.     Tlie  pi^o  consists  of  a  1   by  s  incli 

painted  white,  graduated  to  feet  and  tenths  in  bhick,  and 
ed  I/O  the  east  side  of  the  breakwater  for  tlie  cent^M-  ])i(M'  of  the 
.  The  zt»ro  of  the  gag(^  is  44.45  fe(»t  l)elow  the  to[)  of  tJie  plank 
>f  the  bridge  over  the  gage  and  is  80O.t»  f(M»t  above  sea  level,  the 
ion  having  been  determined  by  hoveling  from  top  of  rail  of 
?rii  Pacific  station,  Moorhead,  Minn.  The  danger  lint^  is  at  20.5 
Above  the  station  the  river  curves  to  th(»  west .  The  west  bank 
I  and  steep;  the  east  bank  low  and  subject  to  overflow  at  times 
li  water.  Measurements  are  made  from  the  bridge.  The  river 
Misists  of  soft  mud.  Tin*  observer  is  II.  W.  Grasse,  United 
Weather  Bureau,  Moorhead,  Miiiu. 
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of H4-«6 

Blue  C-anyon  Creek,  California,  measure- 
ments of  160 

Blue  Creek,  Little,  Colorado,  measure- 
mentsof          77 

Blue  Lakes,  Idaho,  stream  measurements 

at 216 

Bhn«  Ijakiw  Ci-et^k,  Idaho,  measurem'mts 

of 216 

Blue    Ravine    miTie,    California,    stream 

measurements  at 15S 

B<x;a,  Cal..  stream  measur«*mentH  n«*ar  ..      122 

Boise,  Idaho,  re^rular  gaging  station  at. 

stream  measurements  of 21 1 

stream  measurements  near 2i)7-21().  216 

Boise  River,  Idah(»,  measurements  <»f  ..  207-211 
seepnge  un  asurements  made  on,  sum- 
mary of 212 

Boise  Valley,  Idaho,  miscellaneous  stream 

measurements  in 211 

seeiiagein ^i^ 
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Pago. 

•ado  River,  source  and  conrse  of 16 

nrwvni  measurements  in  basin  of 15-7T 

>n.  Cal.,  pompinf?  plant  at,  develojied 

waterfrom IHO 

>n  Terrace  Water  Co.'s,  California, 

developed  water  at 1«0 

mbia  River,  California,  stream  meas- 
nrements  in  drainage  basin 
of 181-216 

wray  &  Akin  ditches,  Idaho,  meas- 

urementsof 211 

per  CHty,  Cal.,  Silverthom  Ferry  at, 

measurements  of 156 

Bquaw  Creek  near,  measurements  of .      15tJ 

tin  ("anal,  Idaho,  measurements  of 21 1 

fton  canal,  California,  meaHuremcnts 

of im 

fton  weir,  California,  Mill  Creek  at, 

measurements  of 18(> 

ig,  Colo.,  stream  measurements  at .. .  74-75 

?ker  Hoffman  canal,  Oilifomia,  muas- 

urementsof l(t) 

;kcr»,  California,  stream  measure- 
ments between  Hogranch  and .      159 

>k}!>ton,  Minn.,  stream  measurements 

at 2:i4^2:j5 

RTi  Creek,  California,  measurements 

of IW 

ixnonga  Creek,  California,  measure- 

mentsof 179 

is  &  Hart  ditch,  Idaho,  measurements 

of 211 

is  canal,  Idaho,  measurements  of 211 

is  ranch,  California,  Kaweah  River, 
North  Fork,  at  lower  end  of, 
measurements  of 161 

'Creek,  California,  measurements  of.      160 

h,  Nev.,  stream  measurements  near.      KKl 

i  mine,  California,  stream  measure- 
ments below 157 

ocrat    Springy   California,    stream 

measurements  at Idi 

Is  Lake,  North  Dakota,  measure- 
ments of  2^^-S^) 

tream  m(»i.suremen  ts  at 2:Jh.  -j:?.) 

lond  Valley,  California,  stream  meas- 
urements at 125 

ey  Oeek,  California,  measiir^.-ments 

of m) 

don  weir,  California,  stream  meas- 
urements at 17H 

n,  Colo., stream  measurements  near.       77 

own    Creek,    California,    m<*a.sure- 

mentsof 125 

res,  Colo., stream  measurements  at  .  41  42 

res  River,  Colora<lo,  measurements 

of 41-42 

.urce  and  course  of 10 

ler  Creek,  California,  measurements 

of 12:^ 

%  or  Lower  Big  Spring,  California, 

measurements  of 157 

0  Power  ditch,Calif«)rnia.  b<'u(lwf)rks 

of,8treammeaHurenieiitsiiear.      1(U 

riler  Creek,  Nevada,  monHurowontH 

of. .      I2»i 


Pmkc. 
Dry  Creek  canal.  Idaho,  measurements  c»f.  211 
Dubois,  Colo.,  stream  measun»ments  lie- 

twet»n  Si>encer.  Colo.,  and    ...        77 

Duchesne  Ri v«.»r .  Utah,  c<  mrse  of 16 

mea.surements  of 55^  ,V* 

Durango,  Colo.,  Animas  River  at,  meus- 

montsof :r>  :J7 

Florida  River  near,  mensui*ements  of.  H7  -W 
Eagle    Island,  Idaho,    stream   measure- 
ments at 211 

East  Branch  « Feather  River  i,  California. 

measurements  of 157 

East  Mount  M<>h<'«*.  C^l.,  stream  measure- 
ments at  l»;l 

Edisrm  Elwtric  C'»..  California,  eablo  of, 

st  ream  measnr « «'iu»n  t  h  at U52 

Edwards  Bridge,  California.  Yulwi  River 

{ SjutliFork  »at,measuri«menis 

of 157 

Eleanor  Creek,  California,  mi'asurements 

of. 15y 

Electra,  Cal.,  stream  measurements  at 

and  near 15H-1.5U 

Electric    Lijjht    Works     waste,     Idaho. 

mea-surenients  of 211 

Elk  River.  Colorado,  measurements  of 77 

Elko,  Nev..  Humboldt  Kiver  near,  nieas- 

urenientsof KCi-KIT) 

Huml>oldt  River  <^South  Fork)  near. 

measurements  of 101-103 

Ellis  canal,  Idaho,  mea.siirements  of 211 

Emerson,  Canada,  stream  measurements 

at 2:j:^2:M 

Empire,    Nev.,    stream     measurements 

near 10{)-111 

Enteri>rise,  Cal.,  st  ream  measurements  at      157 
Entei*pri»e  (-anal.    California,    measiu-e- 

ments  of 161 

Eureka  canal.  I<lah«i.  moiusurenients  of  ..      211 
Eureka  Lake  Ctfi's ditch, Calif omia,mea.s- 

ureinentsof 157 

Evans  dit<-h,  California,  s«'epage  of isl 

Evans  Island  dit<'li.  California,  sc^epajje  of      181 
Excelsior    Minin;<   an<l    Irrigation    Co.'s 

canal.     California,     measure- 
ments of 157 

Fairview  Cre('k.  Nevada,  measurements 

of 12« 

Fall  River,  California,  measurements  of  .      15<j 

Fall  River.  Idaho,  measurenn^nts  of 215-210 

Full  River  Mills.  Cal.,  stream  nuiasure- 

mentsat 15<i 

Falls  Creek.  ('HlitV»rnia,  meitsurem«'nts  of      15'> 
Far^'o,   N.  Dak.,  stream   measurements 

at :2:^7  2:}« 

Farmer's  Union  canal,  Idaho,  measure- 

uientsof 211 

Faticherie    Lake.    California,    diseliarg*.' 

fn.m 157 

Feather  Riv«'r.  C'alifoi-nia,  measurements 

of i:«  i:f),1.57 

.source,  dminaire  Ixisin,  and  general 

f.'atures(»f 127-128 

Florida  River.  Colorado,  Itxration  of 16 

m«'>asuremeuts  ol '^v-^ 

F(  )lsom,  Cal . .  sir  earn  ineaaxMr^msuXAXififtx .    \^ 


^IP'^i-T    ill    :J]E^-III*^       *i..-.  IStt 

n<f^wH  Mm  fir  P^^mvil  i^tmL  E'Wba. 

ineasurt'tnonts  .  >: :fii 

Grand  Fork-*,  X.  Dak  .  <tr«iiii  iii»»a<':rv- 

in»-ntsat :*%>•**'* 

Grand  Rivt^r.  m«>ttsur»-m»*n!-i  -f.  at  Ultu- 

w.  X  «i  Sprino*.  <"- .'.... .     .  . 4-^."t»  • 

measun-ment-i     <>{.     n.ar     Pali-sji.lvr.. 

O.l.^ 4#;^> 

n«tr  Pin»-y  rr»'fk,  C  '.  nt'l- . TT 

s  »ur''»'an«l  rour^»..f ..       .        !►; 

Grandview.  Idaho.  >tr»"ain  ni>  a-^imiiitit^ 

at  .         :il:i  :fi:> 

(iranit»(  "ret»k,  ( 'alift>rnia.  n.>  u-ui»-in»'Tir- 

<.f    ]>i^  i»;i 

Gnint«-daU\  Mc>nt..-tr«-ani  in.  a'^un-ni.-nt'. 

n»^r.... .  -Jtil  "iicj 

GrH»'Li  Cn-vk.  Calif. .rnia.  ni»-a-iir.in.nt-i 

«>f 1-^ 

Gr<H-nRiv.-r.  Wy.miinkr.  ni.-a-un  iii'iit>-  ■!  7%  77 
^/>un-»- and  «■< .ui-^«- '.f  .        ]•; 

(4r»'^-nhoni  Kiver.  ("alifornia.  mouth  .-:. 

n<>\v  at  1> 

Gn-^-nriv^T.  Wyr...  stn*ain  ni.asiii-*  m.nt>< 

at  ..   ..  ::►  77 

Giinnis/>n,  Colo.,  stn-ani    ni' u-»urfni«'nts 

iH-ar . .    77 

riiinriw.n.  I'tah,  San  Pit<h  Riv«r  near. 

in«'asumn«'nts  of ...  'M  '.•', 

S*'vi«'r  Riv<Tn.'ar.  nitu^uri-mmt-^  of.  ks-<«» 
GunnJHon  Uhf-r,  mfahiirojin'ntsof.at  loin. 

rv,io w\^\ 


Ban*  Crw^  i:klir«vxb^  i 

nf. 
H'  -ri^^h.  V  Bend.  Caiifomia.  sTream  meas- 

urt»mfnts  at 1 

H  -t    Sprinir*.    Cal  .    Thurston    <iitch   on 

nwd  to.  moasnrt^ments  <»f 1 

H  y<  Bridif*'.  Xt*%-ada.  strvani  mea-siire- 

nifnt.»iat 1 

Hu'l-r.   Biiy.  draina<o  ljH>in  of.  stream 

mt>asur**m»*nts  in    tH^' 

Huff   Bar.   California,  strvaui    mea.sun- 

montsat. 

Huu:'!-!dt    Rivcr.   mt-asurvments  of.  at 

Pali-^Ki*'.  Xev     _ . 

7:it'a-ui>*ni»'nts    of,   Indow   Pitt    dam. 

X.vadu  

:..ar  i:ik.».  Xev 1*6- 

T.  av  (i.'i-  onda.  X'ev ^ 

n.;ir  •  ►r»ana.  Xov  . . % 

T'ii-.-.-y.aT>-. -u--  nhusurements  in  "ha^in 


Hniiil-    dr   Kivrr    Xorili  F..rk '.  Xt-vada. 

ui--a>un'm''nts  of  _      

HumU  IdT   KiN«-r    Soutli  Fork'.  Xovada. 

iii.'a--ur.-in«'nts  .»f lul- 

HniiT-.ti  rai. -h.  California,  stream  lut-asi- 

U1-.  in'iit>>  Indow 

HydfauUi    Mii.iiii.:  Conii>any"s canal.  Cali- 

t.  riiia.  nicasurfUieut.**  of 

Hydf.  LTrai'l  .i^.     f.-idont.     in      various 

>r  v\  V-  wwd  T  vrvltorios \i 
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JiMmom  Water  Company,  California,  head 
works    of,    stream    mecuinre- 

mentsaboTe 179 

XAeal  Valley,  California^  stream  measnre- 

ment»at IfiO 

*■  Iflrnaci^i  Colo.,  stream  measurements  at..  3SM0 
milonette    Creek,   California,   measure- 

mentsof IflO 

Imperial  canal,  Arizona,  location  and  pur- 
pose of  15-1(J 

measurements  of 77 

Xndependence  Creek.  California,  measure- 

mentsof m-lJS 

Independence  Lake,  California,  measure- 
ments below 121-122 

Index,    Wash.,    stream     measurements 

near 222-22:j 

Indian  Agency,   California,   Tnle  River 

below,  measurement*)  of 1«1 

Indian  Creek.  California,  measurements 

of 125 

Indian  Reservation,  California,  stream 
measurements  l>etweon  Nel- 
son and 161 

Indian  Valley,  C^ilifomia,  stream  mea.**- 

urementsin 157 

International  boundary,  stream  measurc- 

mentsat 77 

Interior,  stream  measurements  in  drain- 
age basin  of 78-126 

lola.  Colo.,  stream  measurements  at 44-46 

Iowa  Hill  road  bridge,  California,  Ameri- 
can River  (North  Pork )  above, 
measurements  of 158 

Irish-American  ditch,  Nevada,  measure- 

mentsof 124 

Iron  Canyon,  California,  stream  measure- 

mentsat 137-141 

Irrigation  projects  in  western  half  of 
United  States,  location  of.  map 
showing 12 

Isabella,  Cal.,  stream  measurements  \>g- 

tween  Kemville  and 162 

Jackass  Creek,  California,  measurements 

of IrtO 

Jacks  Valley    Creek,  Nevada,  measure- 

mentsof 12»» 

Jacks<mville,  Cal.,  stream  measurements 

at \m 

Jacoljtf*  canal,  Idaho,  measurements  of .  . .      211 

James  Canyon  Creek,  Nevada,  measure- 
ments of  ]„^) 

Jellys  Ferry.  California,  stream  measure- 
ments at  i:fr-141 

Julian's  ranch,  California,  stream  meas- 

urementsat Ivi6-1:{7 

Junction  Valley.  Utah,  seepage  in \H 

water  diverted  for  irrigation  in 92, 94 

water  entering 9(>.  IH 

water  leaving 9:M)4 

Kawetih  River,  California,  miwellaueous 

measurements  of l«il 

Kern  River,  California,  irri^t ion  from.      12!> 
measurements  of 1  "H-  l.Vi.  1<»2 

K<  m  River.  Little,  Califoraia.  irjcasiire- 

mentsof ](;:.> 


I»age. 
Kern  River  Power  Company,  Cal . ,  jk) wer- 
house  of,  Kern  River  at,  mea?»- 

urements  of 162 

Kemville,   Cal.,   stream    measurements 

l)etween  Isabella  and UK 

King  City,  Cal.,  stream   measurements 

near If^mn" 

King  River,  measurements  of,  at  Kings- 
burg,  Cal 149 

measurements  of,  near  Sanger,  Cal .  1 5(^-151 

miscellaneous  measurements  of 161) 

source  and  regimen  of 12><-129 

Kings  Canyon  OiH?>k,  Nevada,  measure- 
ments of 128 

Kingsburg,  Cal.,  stream  mea.suremeuts 

at 149,1(51 

King8])urg  canal,  California,  measure- 
ments of 161 

Kingsbury  Creek,  Nevada,  measurements 

of 126 

Kiona, Wash. ,  stream  measurements  at .  IHIV-ISS 
Knights  Ferry.    Cal.,    stream    inea.sure- 

ments  below V^ 

j  Lagrange,    Cal.,    stream    measurements 

I  at 142-14<5,1H0 

I  Lagrange  dam,  California,  stream  mea.s- 

'  urements  al)ove 1(50 

I  Lagrange    ditch,    California,    lueasure- 

I  mentsof J6() 

Lake  Creek,  Utah,  measurements  of 5M$1 

Lake  Eleanor  ti*ail  crossing,  California, 

stream  measurements  below.      159 
Lake  Fork,  Colorado,  measurements  of . .        77 

Lakeport, Cal., evaporation  at 132 

Lamburger  &  Ryan  ditch,  Idaho,  meas- 
urements of 211 

i  Lancha  Plana  dam,  California,  stream 

mea.suroments  below Lj9 

]  Jjaurel  Creek,  California,  stream  meas- 
,  urements  between  0<-kenden 

and 160 

I  I^athos  CYeek,  Colorado,  measurement.**  of       77 
Leland,    Utah,    stream     measui-ements 

near 52-55 

'  Lemon  Cove, Cal., stream  nieasur«.iiuents 

l^twecn  ThrtH^"  Rivers  and. ..      161 

Lippineott.J.B..  work  done  by 16 

,   Livingstone,  Ariz..  Salt  River  near,  mea.<^- 

urements  of ;25-29 

Tonto  CrcH'k  near,  measurements  of  .  29-IJ2 
Little  Gra.ss  Valley,  California,  stream 

measu  rements  in 157 

Logan,  Utali,  .stream  meusuremeut.s  at..  .sj-ST 

Logan  River,  Utah,  measurements  of iHiST 

Long  Valley  Creek,  measurements  of. 
at  Diamond  Valley,  Califor- 
nia         125 

measurements    of.    at    Long    Valley 

re.si>rvoir  site,  Nevada 12") 

above  Springmeyt»r's  ranch.  Ne- 
vada        125 

Long  Vall<'y  reservoir  .^ite,  Nevada, 
stream  inea-siirements  at  dam 

at 12"> 

Lr )s  Pinos  River,  Co\i>Tat\u, \oca.\.\cvt\.  m1 \v\ 

inea.'*ur».'nients  ol \^ft^-NKN 
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t  VmBay*  S«r»ia^  aix«uB 

Bt*l» -..,. 

mtintAsi.t ,..,.. _. 

mrtit'iof ..... ...     1 

^f itttniri  'Ui>-iit^  nci^r ,      Lj^ 

flow  In  ,. .._._      l.*T 

ubiivti _„_  U7-]4S 
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Irrigation  Papers.  The  paper  treats  of  the  possibilities  of  reclaim- 
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Chief  Engineer, 
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STORAGE  RESERVOIRS  ON  STONY  CREEK, 
CALIFORNIA. 


By  Burt  Cole. 


rNTRODUCTION. 

By  J.  B.  LiPPiNCOTT, 
SCOPE  AND  ORGANIZATION  OF  WORK. 

Eecognizing  the  fact  that  the  general  and  i)ermanent  prosperity  of 
ilifornia  is  largely  dependent  upon  successful  agricultural  develop- 
Bnt,  and  furthermore  that  in  the  great  central  valleys  of  the  State 
rming  without  irrigation  has  caused,  during  the  last  decade,  a 
^crease  in  land  values,  as  well  as  in  population,  it  was  deemed  desir- 
>le  to  investigate  the  iwssibilities  of  irrigation  development  in  certain 
pical  interior  districts  of  the  State.  In  the  above  connection  the 
^lifomia  Water  and  Forest  Association  requested  the  United  States 
eological  Survey  to  make  a  study  of  Glenn  County  to  ascertain  if 
litable  reservoir  sites  could  ha  found  on  Stony  Creek,  so  that  the 
aters  of  that  stream  could  be  put  upon  the  higher  and  warmer  mar- 
nal  lands  on  the  western  side  of  the  Sacramento  Valley.  Willows 
the  county  seat  of  Glenn  County,  and  the  chamber  of  commerce  of 
lis  town,  through  the  Water  and  Forest  Association,  contributed 
•50  additional  toward  defraying  the  expenses  of  this  study.  The 
M  work  has  been  entirely  under  the  direction  of  the  Hydrographic 
ranch  of  the  Geological  Survey,  and  the  greater  part  of  the  expense 
w  been  borne  by  that  Survey. 

The  greater  portion  of  this  investigation  has  been  dev^oted  to  the 
ainage  basin  of  Stony  Creek.  However,  by  far  the  greatest  natural 
^ter  supply  for  Glenn  and  neigh])oring  counties  is  the  Sacramento 
Ver,  which  is  the  largest  navigable  river  of  the  State,  and  forms 
i  eastern  boundary  of  Glenn  County.  The  difficulty  of  using  this 
er  lies  in  the  expense  and  magnitude  of  works  necessary  for  its 
''ersion,  especially  if  its  watei*s  are  to  l)e  put  upon  tin*  higher  valley 
ids.  The  interference  with  navigation  by  the  diversion  of  water 
in  the  river  during  its  low  stage  is  a  serious  question.  It  is  con- 
ered  pertinent,  however,  to  briefly  refer  to  the  Sacramento  River 
1  its  possible  utilization. 
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ITie  s*?asuaal  rototion  in  the  8aci*am<*uto  Valley  mucli  resembles 
that  in  the  ^icjiithoiii  valleyH  of  the  Stale  Kituatol  hetwfen  the  Skrm 
Nevttila  aiiii  thr  Coast  Rim^t?.  There  m  mon^  rain  in  the  8aerann*nto 
Valley,  ]*u\  it  falls  in  the  t^ainc  inontby.  There  is  a  disTinet  dry^iutii- 
mer  exteudin^^  from  April  until  October.  In  tnid.-suinttier  th<f  l^jiii- 
peratiire  is  at  times  as  hi^^h  an  114^,  and  the  relative  htiinidity  ii!  low, 
ranging  from  10  to  20  per  eeui.  In  the  othor  half  of  the  year  the 
rainfall  muges  from  26. 6^  inches  at  liml  JiluiT,  at  the  head  of  the 
Sacruinento  Valley^  to  18. 1£)  iiieheB  at  Woodland,  in  Yolo  County. 
The  tn  i  n  i  i)  1  u  m  t  e in pe I'at  ii  re  reco  rd ed  I >y  tl n *  IT n  \  U  h \  St  a U*h  AVeath<* r 
Bureau  n\  Red  Bluff  since  1878  is  1H^  Thef<e  tetni*eral.iirefti  permit 
the  growth  of  all  of  the  produets  of  the  Statt^  A  eompilatiou  of  i>b>"^ 
ical  statistics  for  Red  BliifT  by  Mr,  MaiN'iee  C'onnell,  olinerver  for  tbe 
United  States  Weather  IJiu^ean,  i«  given  in  this  report.  They  show 
in  detail  the  conditiniiH  here  referred  Uk 

Sarrouudiijg  Sat^T^amento  VaUi*y  on  thi*  nortli,  east,  and  west  aiv 
high  ranges  uf  nioontains  culminatiiiM:  in  Mount  Shawl  a,  at  the  nortln  ru 
a|R>x  of  the  valley,  with  an  elevation  of  14,3H()  feet*     I'poii  the  rnM 
of  these  ranges,  th««  Sierra  Nevada  on  the  ea«t  and  the  Comii  Rjuit^^ 
on  the  west,,  the  precipitation  is  nineh  gn^ater  and  oeeui's  asnally  hi 
the  form  of  sntiw,  which  remalnH  at  the  higher  altitudes  until  me\Wi\ 
by  the  suuuner  sun.     As  the  nioun tains  are  higher  t^i  the  north  amt 
eaj^t  of  the  valley  than  to  the  wewt,  tie*  [>?^<*cipitation  Is  gr^^at-i^r  thei'fr 
the  temp**ratun^  is  lower,  an<l  the  snow  remains  nam  ell  ed  until  Ui**t 
in  the  summer     The  stream  eonditlons  resulting  from  these  physioal 
conditions  may  readily  b©   inferred.     From  the  higher  merras  the 
creeks  begin  to  rise  with  the  fall  rains,  and  the  pi^eipitation  iu  the 
foothills  cause**  them  to  maintain  their  tlow  throughout  the  winter. 
Under  normal  conditions,  however,  they  i^^ach  stages  of  mmtinuiw 
distdiar^e  in  the  spring  ami  early  summer,  wheu  the  Knows  at  the 
high<^r  levels  are  melting.     They  reach  their  lowest  stages  in  Septem- 
ber.    On  the  wesfjern  side  of  the  valley  the  streams  isenin^  from  Ihe 
Coast  Raugej  to  which  class  Stony  Creek  belongs,  flow  from  lower 
and  warmer  levels.     Consequently  the  pre('ii)itation  is  more  often  in 
the  form  of  rain  and  tliesnow  is  more  quickly  melted.     The  result! ii^^ 
stream  fli>w,  therefore,  is  more  irregular  and  the  maximum  periods 
of  fltnv  are  iu  w'inter  and  early  spring.     These  Cf^ast  Range  .streHUis 
are  reduced  to  very  low  diseharg*^  throngliout  the  summer  mouths, 
and  their  proper  utilization  is  largely  dependent  upon  the  constTUi*- 
tion  of  resi^rvoirs  for  the  e^mservation  of  the  wintt-r  waUM\     There  is 
therefore  a  cool,   wet  winter  in  tlje  valley,  followed  by  a  hot,  dry 
fiummer.     The  Sacramento  and    its  eastern   tributaries    are   slroag 
streams  during  the  winter^  spring,  and  early  summer,  and  have  rela- 
tively low  discharges  in  Septetnljcr  and  Ot-toberj  while  the  western 
trihutarivH  are  normally  high  vn  whUv^v  avA  k^wA^  ^\mTv^  i^ivd  almosi 
dry  in  the  i^ummer.     These  eondUAtms  uoV  ou\^-  ii^-va\\TL^\\\v^\Tt\;\^^Sxm 
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lley,  but  furnish  the  opportunity  therefor.  Tablen  of  dis- 
the  Sacramento  River  and  of  Stony  C-reek  are  made  a  part 
port  and  illustrate  the  above  statement, 
'her  marginal  valley  lands  are  better  drained  and  warmer 
low  lands.  They  are  not  so  well  adapted  to  the  growth  of 
bhesoil  is  not  so  strong,  but  it  is  telle ved  that  with  irrigation 
id  be  among  the  finest  fruit  lands  of  th<»  Stat-e,  capable  of 
r  the  olive,  vine,  and  orange. 

iley  of  the  Po,  in  northern  Italy,  is  the  greatest  artificially 
[istrict  of  Europe.  In  this  region  irrigation  has  been  prac- 
inuously  for  over  one  thousand  years.  The  values  of  water 
igated  lands  have  ctmtinually  increased,  and  to-day  it  stands 
mple  of  most  intensive  cultivation,  supporting  391  persons 
e  mile  in  the  irrigated  district. 

[lowing  interesting  comparison  may  l>e  made  between  the 
onditions  of  Milan,  in  the  heart  of  this  district,  and  those 
pper  Sacramento  Valley.  R.  Haird  Smith,  lieutenant  of 
,  British  service,  in  a  work  entitled  "Italian  Iriigation,"  is 
rity  for  the  statements  on  Italian  irrigation.  The  recoiti  of 
.nd  temperature  for  Milan  was  obtained  from  the  I'nited 
^ther  Bureau.  It  probably  extends  back  into  the  eight<)enth 
For  monthly  maximum  and  minimum  records  at  Mie  head 
^ramento  Valley,  see  the  Red  Bluff  record  given  latter  in  this 

ti  of  climatic  conditions  in  Sacrarnento  Valley  and  in  northern  Italy, 


Rainfall. 

TemiR-raturt*. 

»nth. 

WoodlancU, 
Cal. 

Inches. 

Milan, 
Lombardy. 
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Cal., 
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M 
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"K 
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62.  1 
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3.82 
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48 
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ftft 

K 

\ 

XA 

\ 

12        9T0HAGE   KESEKVUIBS    ON   STUKY   OREEIi»  CALIFOBNIA,   [xo.M 

The  niinimiiin  Usmperatui^  at  Wf>odlaiHl»  in  not  avatliible.  The 
lowest  temperature  n.*conletl  at  Reel  Bhiff  by  the  Weather  Bareaa  is 
W^  abtjve  zero. 

It  will  }ie  uiitiiU  that  there  ia^  don  hie  tha  mi  it  fall  in  I^mb^irdy  that 
thert^  i*^  In  (trletin  C'uuiity,  ntn}  a  largi^  piirliini  of  it  oenirs  in  the  ^lun* 
mer,  yet  irrigutioii  if*aeet(pted  jtsdecUledly  prolilahle  anti  water  rights 
are  incM^easitig  hi  value.  This  being  true,  irrigation  eerlainly  should 
be  of  marked  benefit  in  the  8a<;rameut<)  Yalley, 

FARMING  COKDITIUNS, 

Glenn  County,  lying  in  The  upper  portion  of  tlie  Saci^manto  Valler. 
and  prineipally  u]Mjn  the  western  *4ide  of  the  8a*^nitiietit'(>  Ri^'l*r.  Iulh 
»o  many  natural  advantages  that  if  it*i  valleys  were  ilivided  iiitOHiuali 
fann^i  and  irrigaleil  it  pn>bably  could  bt3  made  <nw  nf  i\u^  nK»^t  jmv 
dnetive  and  densely  populated  agrieultural  eouuties  in  the  i:?tati'  *>( 
California. 

At  present  the  farming  land  is  alinost  wholly  given  up  to  the  Ary 
farming  of  wlH*at.  This  pnietice  has  Imen  foUoweil  for  years,  until 
to-day  the  land,  having  annually  surrendei-ed  its  ntitHtive  elemeat4, 
without  fertilization^  ijs  deter ioni ting  for  th it*  crop*  Tbij*  eoud 
coupK:%d  with  the  hiw  priees*  obt-ained  for  tin-  prothu^t  during 
years,  huH  resulted  in  a  concentrated  landhtdding,  with  a  result^] 
decrease  of  papulation,  largt*  areaiH  of  wheat  1)eing  farmed  witJi  greai 
economy  thau  f^mall  * me^^.  ThLs  is  brought  foreibly  to  the  attention  of 
one  traveling  <»ver  the  roads  in  the  great  valley  district,  Kumemus 
sunill  bunelie.s  of  trees  mark  the  poiutw  where  onc^  stfXKl  a  house,  tLe 
home  of  ii  small  farmer.  To-day  these  families  are  sciittered,  andtlie 
small  raiieh  is  only  a  small  fraction  in  a  great  farm  of  i>erhiips  1<\000 
to  20,(kX)  acres,  owned  l>y  one  person  and  farmed  by  a  drifting  popu- 
lation employed  <jnly  during  the  planting  and  harvesting  season^ 
and  liaving  no  interr^st  in  the  welfare  of  the  ctninty  except  in  obtain* 
ing  a  few  weeks'  wage.'^,  which  may  or  may  not  be  spent  in  the 
neighboring  t^jwns. 

Wheat  fanning,  in  spit-4^^  of  the  fact  that  it  is  carried  on  by  means  of 
modern  niat-'iiineryy  Avith  j^jerfeet  organization,  anil  on  a  large  scale, 
has  not  of  late  iieen  a  paying  investment  in  Glenn  and  adjoiniug 
counties. 

The  climate  of  this  valley  is  very  similar  to  that  of  the  southern  eDun- 
ties  of  the  St^te.  Orange,  lemon,  and  lime  trees  were  seen  in  various 
part-s  of  tiu^  plains,  showitig  no  signs  of  luivlng  been  injurc^d  by  f  rt^t. 
The  yield  is  not  large,  owing  to  thr  fact  that,  the  trees  have  been  allowed 
to  grow  usually  as  isolated  garde Ji  hhrublu-ry,  receiving  little  can? 
ex  C4?p t  p*!  r  h  aps  a  n  f  K'cas  i  on  a  1  %v  at  e  r  i  n  g.  With  i  it!  ga t i  o  n  and  scientific 
care,  Glenn  County  could  become  the  home  of  numerous  small  farmers^ 
the  poj)ulation  <if  towns  aurl  con tj try  would  be  inci-eased,  and  a  thriv- 
ing  community  woultl  exist  h\  the  yre^enXj  ^^^av^ttly  settled  region. 
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POPUIiATION. 

Intensive  farming  by  irrigation,  especially  the  raising  of  fruit  in 
/alifornia,  usaally  has  led  to  the  subdivision  of  large  holdings,  both 
^cause  under  these  conditions  large  areas  are  not  suceesafully  han- 
lled  and  because  increased  land  values,  resulting  from  the  supply  of 
rater,  is  an  inducement  for  the  large  landowner  to  sell. 

The  census  of  1890  gives  Colusa  County,  which  at  that  time  included 
Slenn  County,  a  i)opulation  of  14,640,  while  the  census  of  10(X)  gives 
Oiis  same  territory  a  population  of  12,850  (Colusa  7,340,  Glenn  5,510), 
showing  a  decrease  in  the  ten  years  of  12.8  iK^r  cent.  According  to 
the  8i*hool  census  the  number  of  school  districts  is  .'3S  and  tlio  number 
Df  school  children  is  1,280.  Of  the  latter  555  were  in  the  towns, 
leaving  725  in  the  country,  or  only  about  1  child  to  2  8([uar«^  miles. 

In  181)1  Mr.  William  Hammond  Hall,  in  an  engineering  report  on 
the  Central  Irrigation  District,  situatinl  in  Glenn  County  and  con- 
taining 150,550  acres  of  valley  land,  which  was  tlien  attempting  to 
construct  irrigation  works,  states: 

There  are  40  owners  of  over  1 ,000  acres  each,  holding  an  aggregate  of  about  89,000 
acres,  very  materially  more  than  half  the  acreage  in  this  district.  There  are  (^nly 
abont  \>^  owners  of  farming  lands  altogether  in  it,  so  that  the  farm  holdings  all 
average  very  nearly  870  acres  in  area,  and  the  140  smaller  owners  of,  say  67,550 
acres,  have  an  average  of  482  acres  apiece.  There  are  but  few  owners  of  less  than 
640  acres  in  the  district,  and  by  reason  of  the  renting  and  share  system  still  fewer 
persons  who  farm  as  low  an  acreage.  The  district  has  a  stable  voting  population 
of  abont  400,  of  whom  ahont  140  are  residents  of  the  towns  of  Maxwell  and  Wil- 
fiams.  This  leaves  260  voters  on  the  farming  lands  proi)er,  only  1.06  voters,  or 
(taking  the  usual  ratio  of  voters  to  ]X)pulation)  alx)ut  5  persons  to  the  square 
mile.  Each  farming  landowner  of  the  180  (supix)8ing  all  to  be  residents  of  the 
district)  gets  on  with  only  0.44  of  a  resident  citizen  hired  man  to  help  him  farm 
^  average  holding  of  870  acres. 

The  condition  of  the  Central  Irrigation  District  is  practically  the 
Audition  of  the  plains  district  of  Glenn  and  Colusa  counties. 

Mr.  W.  II.  Markham,  deputy  assessor  f)f  Glenn  County,  after  an 
'lamination  of  the  county  records  in  1900,  reports  that  the  average 
^mi-land  holding  in  the  plains  district,  lands  wliicli  could  he  irri- 
r»ted,  either  from  Stony  C/reek  or  from  th<»  ditciics  of  the  Central 
:irrigation  District,  is  1,505  acres.  There  are  less  than  40  own^^rs  of 
arming  lands  of  100  acres  or  less.  It  is  not  believed  there  are  any 
ctrmers  who  cultivate  less  than  320  acres  of  land,  it  all  beiug  sown  to 
^heat  and  barley. 

For  purposes  of  comparison  between  areas  in  California  irrigated 
i.nd  those  farmed  dry.  Riverside  may  be  taken  as  a  typical  example 
>f  development  b}''  irrigation.  Other  similar  districts  could  be 
:>eferred  to.  About  13,500  acres  are  irrigated  around  Riverside,  partly 
-:ii  young  trees.  It  must  be  remembered  that  southern  California  has 
Cor  seven  years  been  suffering  from  an  intense  drought,  much  more 
^vere  than  in  the  central  portion  of  the  State.     Streams  have  failed.^ 
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but  500  wells  have  been  Runk  to  supply  these  landB,  from  whieli  th» 
^ater  supply  ha^  Ix-en  max ntai tied  in  volume*  as  large  as  during 
periods  of  abundant  precipitation.  These  welk  pnibably  repre?4ifiil 
an  itive^tuieut  of  over  hali  a  million  dollarM,  and  arc?  prodneLiig  75 
cubic  foet  of  water  jm^t  Fw^cojid,  or  enouf^h  to  irrijjtat^  2t5,CWK>  acres  of 
land.  Start  lag  with  a  Hhet*ii  pawturo,  aanenii^^d  under  protost  at  Ta 
cenl^  p<*r  at'i-e  in  lt47(>,  ihla  district  now  tmpiKirts  In  o<imfort^  if  ii4 
luxury,  alx>ul.  1CJ,()()0  inhal>itaut.t4,  or  a  viivM^n  t^M*ve.ry  L'i  iM*rr*!«i  im* 
gated  (about  I  no  timers  an  den^e  a  iM>pulation  an  Tht*  %^alley  ftorlitwi 
of  (Menu  rount^v),  and  8hi[>pcd  o%i*r  4,iM^)  oarlimdM  of  oitruj^  fruit* 
during  the  miasou  *>f  \W0.  The  value  of  this  crop  wiui  $I50  jM»f  aer? 
on  the  betUu*  irrigau^d  ai*ea,  and  the  output  is  rapidly  iiiena>hii: 
The  (Hty  of  Riverside  has  *i  lianks,  13  c^hurehen,  and  8  sehoolhou>**ft 
The  poitti-oftit'e  receipts  in  ll>t>0  were  |lt;,555.  The  iiniouut.  of  it^  bank 
deposil'A  Hnd  aasesBi^d  valuation  make  it  perhaps  the  first  eity  of  ill 
claaH  In  the  United  States* 

From  un  figrieultural  e*trtndpoint  the  difference  between  norihern 
and  southern  California  it^  irrigation. 

CKXTRAI.   IR  RIG  ATI  OK    DISTRIC^T, 

In  the  course  of  the  i^resent  work  the  eonfttructed  portion  nf  th^ 
Central  Irrigatiou  canal  was  visit^^d  and  inquiries  were  made  as  to  its 
status.  This  canal  was  tlesigned  to  take  water  from  the  Sacramento 
River  near  tlu:^  northern  boundary  of  Glenn  County  and  irrigate 
156,550  acrt^s  of  ft^it.ile  land  in  Glenn  and  Colusa  counties*.  After 
expending  *574,tKiO  for  construction  and  right  of  way,  the  district 
became  involved  in  legal  and  financial  difficulties  growing  out  of  the 
Wright  act,  under  wtiich  it  was  organised,  and  work  was  discontinued 
Both  the  constitutionality  of  the  organic  law  and  the  organis^ation 
under  that  law  were  cont^^sted  by  certain  dissatisfied  holders  of  large 
land  areas  in  the  proposf*d  district.  Tliese  parties  objected  t^  art 
organization  based  np*>n  and  cod  trolled  by  a  majority  vote  of  ;Ul 
electors  in  the  district,  irrespective  of  their  property  holdingn  therein, 
the  acceptance  of  water  at  uniform  rates  for  all  lands  in  the  district 
lieing  compulsory  under  the  law.  These  objections  have  lieen  brought 
forwaix]  in  all  the  districts  that  have  been  organized  under  this  statute 

No  success^ful  attempt  has  ever  br*<MT  made  to  collect  either  princi- 
pal orintere^st  on  these  bonds.  The  intei-est  is  increasing  and  the 
principal  is  lif-coming  due.  Much  money  has  been  spent  by  both 
''anti-irrigationist-s''  and  'Mrrigationi^ts''  in  legal  battles,  but  so  far 
no  definite  result^  except  the  stoppage  of  work  for  lack  of  funds,  has* 
been  accomplished.  The  head  works  of  the  canal  were  never  bnili 
and  no  water  has  ever  been  delivered.  The  bonds  are  discredited  in 
the  financial  market,  and  if  the  district  should  now  be  declared  to  be 
legal  and  the  l>f)ndR  properly  issued  it  will  f<n'ce  nearly  every  farmer 
in  the  district  into  bankruptcy,  an  \t  has  beeiv  twelve  years  since  the 


BIBOHASaE  OF  8A0AAMSKTO  BIVEB. 


16 


ere  issued.  The  bondholders  are  getting  no  interest  on  their 
3nt  and  the  landholders  are  going  on  year  after  year  summer 
g  their  land  for  wheat,  and  barely  making  interest  on  a  low 
n  of  the  land  and  property,  while  right  at  hand  flows  the 
nto  River,  capable  of  turning  this  valley  into  as  productive 
sely  populated  a  county  as  the  irrigated  portions  of  southern 
ia  counties. 

acramento  River  has  an  unfailing  supply  of  water  sufficient 
he  needs  of  this  section  and  of  the  lower  valley  lands,  as  is 
y  the  following  table  of  flow,  taken  from  the  various  reports 
nited  States  Geological  Survey. 

Istiniated  monthly  dischurge  of  Sarratiieiito  River  at  Red  Bluff. 
[Drainage  area,  9,866  wiuare  mileH.] 
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2.98 
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3.58 
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18,390 

13,313,956 

,..: 

26.67 

Ifi        STOHAOT!:  HESERTOrBS   OK   STOITT   CTSEEK,   CALIFOBKIA.  f^^* 


I 


End  mated  m*inthl^  di^t^harge  of  SufTan$ento  Hivar  at  Jeii^n  f^err^,  T^ytmn 

County. 
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1886. 
Jmiiiaty  _  - 

MaTL'b  .  ... 

April    _-..-..; 

Hay  ^.-^.•, 

Jnlj     ..   ^ 

Angiiiit  ... 

Ot^tobei-  -  -  - 

H'o  vemljer  _ 


I 


The  jettr 
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Ft^lsmary  _...__, 
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8,320 
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Tot&l  ill  ocpe- 
feet. 
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M 
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A.     CENTRAL  IRRIGATION    DISTRICT  CANAL  OPPOSITE  JACINTO. 


B.     CENTRAL  IRRIGATION    DISTRICT  CANAL  NEAR  ST.  JOHNS. 
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ted  monthlff  discharge  of  Sacramento  River  at  Jellye  Ferry,  Tehama 

County — Con  ti  nn  etl , 


Eh. 


sr 


Dlf^cb&Tge  fn  »ecoiid-feet. 


M»Tiinnin. 


4,475 
4.475 
4,ftJ5 
6,803 

5,um 


e  year .       S8, 600 

I      42,600 

r 8,644 

'      83,400 
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7,580 
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3,9^0 
10,  550 

3r I      53,480 

r '      45,600 
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4,350 

4,2,'50 
4,475 
4, 475 

4.700 


e  year. I      83,400 

I 

0.  I 


Br.. 


le  year 


ll»,700 

12H,*HJU 

10,700 

19,780 

6.265 

4,760 

3,805 

5,170 
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FOSSIBI4X:    B£OBGAKIZATIO:^^    OF   CENTRAI.    IRRIGATION 

DISTRICT. 

It  is  believed  that  the  present  time  is  auspicious  for  the  carrying 
)at  of  a  reorganization  plan.  The  question  of  the  legality  or  illegality 
»f  the  dislaict's  organization  and  bond  issues  has  not  yet  been  finally 
letermined,  and  neither  party  seems  willing  to  push  the  matter  to  a 
inal  issue. 

If  it  is  desirable  to  complete  the  works  under  private  management, 
J  is  believed  that  the  following  plan  might  be  carried  out:  The  dis- 
rict  to  acquire  what  rights  of  way  are  necessary  for  the  completion 
f  the  work.  This  probably  can  be  done  for  about  $30,000.  The  <lis- 
rict  should  then  deed  to  the  bondholders  its  interest  in  the  canal  ai)d 
[ghts  of  way  and  then  disorganize,  the  bondholders  canceling  all 
idebtedneas  against  the  land  and  furnishing  the  money  to  ccmiplete 
le  works.  The  bondholders  could  then  form  an  irrigation  company 
Qd  sell  water  at  the  low  annual  charge  of  $2  per  acre,  and  thereby 
oth  secure  themselves  and  benefit  the  landowners.  Tlie  land  is 
jrtile  and  suited  to  irrigation,  and,  owing  to  its  closeness  to  market, 
lould  be  high  priced  and  productive  of  handsome  returns.^ 

TOPOGRAPinr. 

The  purpose  of  the  present  work  was  primarily  to  determine  what 
)uld  be  done  toward  increasing  the  area  of  lands  irrigated  from  the 
Ewin  of  Stony  Creek.  Stony  Creek  has  a  drainage  area  of  about  700 
^uare  miles,  as  obtained  from  the  best  available  Land-Office  maps, 
rhile  the  crest  of  the  watershed  does  not  exceed  al>out  0,700  feet  in 
ovation,  its  proximity  to  the  coast  assures  to  it  a  substantial  amount 
I  rainfall.  In  the  valleys  the  precipitation  is  20  inches  annually, 
hile  in  the  higher  portions  of  the  basin  it  probably  reaches  40  inches. 
he  summits  are  heavily  covered  with  timber,  much  of  it  being  com- 
lercial  pine,  spruce,  and  cedar.  Several  sawmills  are  located  in  the 
5art  of  this  timbered  area.  Sheep,  goats,  and  cattle  are  perm  it  led 
•eely  to  graze  over  the  public  lands,  and  numerous  forest  fires  were 
^served,  apparently  coincident  with  the  lo(*ation  of  the  grazing 
imps.  It  is  currently  stated  that  it  is  the  common  practice  for  sheep 
en  to  set  fires  upon  leaving  the  ranges  in  the  fall  so  that  the  iinder- 
rush  and  grasses  can  grow  up  young  Hn<l  tenthn'  for  the  next  season. 
Attleinen,  finding  heavily  brushed  areas  over  which  it  is  diffi(?ult  for 
le  cattle  to  graze,  are  reported  to  set  fires  so  as  to  make  the  country 
ore  open.  The  resulting  damage  does  not  apply  alone  to  the  brush- 
jvered  territory,  as  the  fires,  once  started,  keep  on  burning,  unre- 
rained,  into  the  timber  belts,  until  a  continued  wind  from  the 
►ntrary  direction   causes   the   flames    to  back  fire  and  (extinguish 


I  Since  the  above  was  written  (1901)  a  strong  movement  haH  l)een  initiated  to  diHorganizt)  thu 
(trict  and  to  have  a  corporation  complete  the  canal  and  distribute  the  water^  the  bonded  debt 
be  asBumed  by  the  corporation. 
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tbemH«tvQ#t.  If  this  f<irt*«it  destruction  coQlinueM,  it  will  catis*?  the  rnit- 
off  to  \m  more  HpaNiucKlic,  ncKxlit  mil  closely  follow  t^aeh  rain,  a«d  tli*^ 
amount  of  silt  carritHl  by  tlie  wat€*r  will  l*f*conie  no  grt*Ht  thftl  it  would 
lead  to  the  impairment  of  any  reservoirs  whi*^h  mi|cht  h^  eonstrndeit 
in  this  basin.  It  is  strongly  urged  that  the  main  portion  of  this 
draioagt?  ba^iu  be  «et  aside  as  a  forest  reserve,  and  that  sheep  and 
goat  grazing  be  restricted  or  prohibits,  and  strang^  steps  taken  to 
prevent  fore?ifc  fires. 

H  PKUPOSEll  HTOin"  CHKKK  FORKHT   KESKKVE- 

In  respect  to  this  matti^r  the*  Sacramento  Valley  Devcdopraent  Ass«^- 
ciation^  (»n  NoveinlK»r  17^  IGiX),  passed  the  following  resolution  m  si 
result  of  the  investigations  on  the  stream : 

Whereas  the  t^ipt^rh*  of  tht*  Unit^^d  8tAt«s  Q*?(jlosi<^»l  Stirvey  now  p^>iwlTictiiii 
inveeitigationj^  aU  mg  St4jny  Creek  repjrt  the  existence  of  many  exoellent  stomr- 
rtserroir  nit«*i  thi^rfOB:  aiid 

Whereas  the  wiiterfi  of  said  t^reek  are  naw  nmad  fen:  inigatiitn,  and  by  tbrfr 
cou^«rv£ition  atid  pn>per  regulation  a  Taat  area  may  he  braoght  to  a  mnc^li  hdgluf 
state  of  cultlTation^  and 

Whereas  the  pre»ervation  of  the  for^sta  along  the  heail waters  of  said  creek  ia 
ii**cessary  to  infcfare  a  permanent  w»t«r  supply  and  alj*o  to  mcKlerat*?  the  flow  fi 
ilfKxl  waters,  theTi4>y  preventing  the  rapid  tilling  A^th  silt  and  detritti*  of  aiL| 
reservoirfl  that  may  hereafter  l)e  eonatmcted  along  said  Stony  Creek  or  any  of  iti 
tributaries'  Therefore  be  it 

Remiived,  Thiit  we,  the  Bacrameuto  Valley  Development  AascKUation.  eame*t]| 
petition  the  Prt^Biiient  of  the  TTnitful  HtatvB  to  set  a.side  as  a  fort+st  rei^ierve  snoh  of 
the  pTiblic  landn  about  the  head  <»f  wiid  Stony  CVeek  and  ita  tributarit*»  a»  ^^ 
ejqjertH  of  the  Geoh>K]cjvl  HurA-ey  sliall  re<;omniend  as  neeessarj'  for  the  protection 
of  the  water  supply  ot  naid  creek. 

Adopted  at  a  mt*etiiig  of  the  Hat-ramento  ^^dley  Develapmeut  Asaociation  held 
in  Oro^illi-,  Ctd..  NovemlM^r  17,  IW^KK 

l*ractieally  the  same  ressolutiuns  were  also  passed  ijy  lln.-  Water 
and  Forest  Atiwociatiim. 

In  resjKJiif^:^  to  th*^  nbovt*  requests  the  fo Howling  area  has  l>een  teiu- 
I>orarily  witb drawn  from  entry,  August  14,  lOUO,  i>ending  iuvestipi- 
tion  by  the  lUireau  of  Ftjn^stry: 

Hegitiniii^'  a1  tlii'  Jiortbwest  eonuM"  of  T,  2^  N\,  R,  *i  \V,,  Mounl 
L>iai)lo  inendian;  iIk'Ihm*  si»u1h  to  the  northwest  eorner  of  T.  i*u  X., 
R.  (5  W.,  Mount  DialiJo  iiK-ridiau;  tb^riei*  we!*t  on  townshii)  line  tu 
northwest  cc*rner  i*f  ser.  l\  T.  :*n  K.,  R-  7  W.;  thence  sonth  to  south- 
west eorio'^r  of  see,  i^*P,  towjiship  a!id  ninp*  afor^^said:  thivnee  east  t^i 
northwest,  corner  of  sec.  Uii,  townshiiuind  luJige  bist  aforesaid;  thent^ 
south  1  mile;  thence  eiist  to  north<*ast  e.rnier  of  1\  19  N.^  R.  7Wm 
Moinit  i>iabhj  nieriiliun;  tbenee  south  on  raup*  lini^  3  [iiiles  tf>  soiHH- 
west  corner  of  sec.  18,  T.  Jl)  N.,  R.  G  W. ;  thence  east  to  nortlieasi 
corner  of  si^c.  11),  T.  Ill  N.,  R.  G  W.  thence  south  to  southeast  corner 
of  sec.  31,  said  t-ownsliip  niui  i-anj^e  aforesaid;  thence  west  to  north- 
west corner  of  T.  18  N.,  R.  G  W. ;  thence  south  on  range  line  between 
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Rs.  G  and  7  W.,  to  southwest  corner  of  sec.  6,  T.  17  N.,  R.  6  W.; 
ihence  east  to  northeast  comer  of  sec.  8,  township  and  ran^e  last 
fiforesaid;  thence  south  to  southeast  corner  of  sec.  32,  T.  16  N.,  R.  6 
"W. ;  thence  west  on  township  line  between  Ts.  15  and  16  N.,  to  south- 
-west corner  of  T.  16  N.,  R.  10  W. ;  thence  north  on  range  line  between 
Us.  10  and  11  W.,  to  northwest  comer  of  T.  23  N.,  R.  10  W. ;  thence 
easterly  to  northwest  comer  of  T.  23  N.,  R.  6  W.,  the  place  of  begin- 
ning. 

Local  stock  and  lumbermen  are  now  (1903)  violently  opposing  the 
creation  of  this  and  other  proposed  reserves  in  the  basin  of  the  Sacra- 
mento River.  It  is  believed  that  this  is  largely  done  because  the 
true  purpose  of  forestry  is  not  understood. 

A  forest  reserve  is  created  for  the  permanent  benefit  and  ultimate 
improvement  of  the  district  wherein  it  exists.  These  benefits  may 
be  divided  into  two  classes :  First,  forestry;  second,  irrigation.  There 
are  some  good  timbered  lands  on  the  headwaters  of  Stony  Creek  and 
the  crest  of  the  range  immediately  to  the  west.  Under  the  ordinary 
methods  of  procedure  a  lumber  company  entering  into  business  in  a 
timbered  district  will  cut  off  the  entire  forest  cover  as  rapidly  as 
possible,  sell  the  product,  clean  up  its  business,  and  get  out  of  the 
country,  leaving  the  district  in  a  denuded  and  wrecked  condition. 
This  is  HO  abundantly  evident  in  so  many  different  localities  in  Cali- 
fornia that  it  is  scarcely  necessary  to  enter  into  an  extended  argument 
as  to  its  impropriety.  The  county  is  a  permanent  loser,  because  when 
these  lands  are  once  cut  off  they  are  usually  abandoned  to  the  State 
because  of  delinquent  taxes.  There  is  no  permanent  employment 
offered  for  citizens  of  the  community,  and  the  result  is  a  rapid  wreck- 
ing of  the  forest. 

The  effect  on  the  State  of  reckless  deforestation  is  the  destruction 
of  a  permanent  source  of  lumber  supply.  This  method  of  procedure 
has  led  to  the  marked  deterioration  of  many  of  the  older  countries. 
The  policy  advocated  for  the  Federal  Government  is  that  looking 
toward  a  continuous  use  of  the  forest  as  a  permanent  source  of  lum- 
ber supply  along  lines  of  development  now  pra(;ticed  by  England  in 
India,  by  France,  Germany,  Sweden,  and  other  Euroi)ean  countries. 
With  this  method  only  the  matured  or  ripened  tree  is  cut  off.  The 
younger  trees  are  protected  and  saved.  The  policy  is  distinctly  one 
for  the  continued  utilization  of  the  forest  and  not  for  its  destruction. 
Again,  by  far  the  greatest  enemy  of  forests  is  fire,  and  with  the 
creation  of  a  forest  reserve  there  will  be  provided  guards  to  prevent 
these  fires  and  fight  them  when  they  are  ouce  started.  The  general 
effect  on  the  nation  and  State  is  to  furnisli  a  j>ormanent  lunil)er  crop 
for  the  development  of  towns  and  (uties. 

The  forest  is  a  great  natural  rc^gulator  of  the  wat(»rs  used  in  irriga- 
tion. A  stream  proceeding  out  of  a  denuded  area  becomes  a  violent 
torrent  immediately  foJJowiiig  a  storm,  wasMug  gr^uX)  ^wX^vvi^  '\w  NJw^ 


sides  «if  the  hiUn,  cjtrrytiig  <]owii  (litbriM  and  iitonoft,  and  df'iKR<^ilinj^] 

lUieiii  oil  the  valleyti  ant)  lowlands,     Thm  Klream  in  tlie  f^iimmer  tintt] 

r  drli«i  up,  and  a  cnuditioii  of  4U*3io)atii>]]  m  an  almf>@t  iDevntabk'  resulL  j 

If  fttomg^  rem^rv'oirs  are  built  upon  ^uvh  a  stream  the  tendencfy  ii  t 

r  rap  idly -fill  them  with  debria     An  «^ngiii<^^r  c^nuld  »ean9alj 

iinMiil  the  c<:m»traetion  of  a  reservoir  oii  miy  of  tli<*  branclieaof ) 

Cri^iik  if  the  drainage  busin  above  it  were  dim  tided* 

Htony  Creek  preaeiit<s  ^^at  nHtuml  cippariutiiiiej^  fur  t4ie  i 
aoti  of  storm  wat^n*,  Surveys  made  for  mtes  by  the  fleolligidl 
Survey  show  that  the  construction  of  reeervoirs  la  cominefel&llf 
f(>aBible.  The  climatic  eondit  iona  along  the  fckothilla  are  aich  ai 
U}  jx^ruiit,  with  irrigation,  the  raising  of  any  emp  that  In  grown  tn  tliii 
Strtl^  t*f  California.  It  i.^  l>elieved  llmt  thi^  day  w  not  di^itaiit  i»M 
tlie!*t^  ri^erviiirs  will  Ik*  built,  when  thi?  foiithU!  bind  will  b^  iindef; 
cultivation,  when  the  pro<luct«  tbun^from  will  1m*  as  valniible  aatruci 
any  portion  of  the  State,  and  wheu  the  pop  illation  on  these  lands  wiQ 
approach  an  inhabitant  to  each  *2  acres. 

(41enii  County  is  confronted  to-day  with  a  decreasing  popKilutioi 
and  a  decreasing  iAssOsse*!  valuation,  as  a  result  of  efforts  at  dry  farm- 
ing. With  natural  opportuuitiee  greater  than  any  that  exist  in! 
southern  California  it  has  not  reached  1  per  eent  of  the  developmtQt 
wtiifjh  is  iwBsible,  It  is  believed  that  the  day  will  come  when  thi» 
development  will  r)ceur,  and  when  the  con  nervation  of  the  stream  will 
lie  the  lias  is  of  its  successful  maturing.  It  would,  therefore,  seemtff 
bo  ill-advised  for  the  county  to  opix>se  the  ci-eation  of  a  forest  resen* 
which  hj*>ks  toward  tlie  development  of  such  a  eonditiou  as  that 
suggested,  particuhirly  as  the  only  compensation  which  would  be 
ret^eivod  tln'n^fnmi  wouhl  con  Hist  in  furnishing  pasture  for  a  ft*ff 
thou.suTnl  k}ii^<'](  and  ^n^nts.  wliieli  would  range  over  the  hills  of  the 
back  couiiLry. 

The  forest -reserve  policy  is  not  hostile  to  stockmen.  It  would 
oppose  such  unrestricted  overstocking  and  burning  off  of  mountain 
sides  as  is  now  being  practiced  in  the  drainage  basin  of  Stony  Creek, 
111  tlie  forest  reservi^s  of  other  portions  of  the  United  States  where  tb( 
trees  are  mature,  and  wlieie,  after  careful  study,  the  conclusion hai 
been  reaehed  that  stock  will  not  injure  the  i-eserve,  they  have  beei 
permitted  to  range  therein  under  proper  regulations  and  restrictions 
and  particuhirly  witli  safeguards  against  tires.  Cattle  range  through 
out  the  forest  reserves  of  the  Sierra  Nevada.  In  selecting  the  person: 
who  may  range  stock  in  these  districts,  preference  is  always  given  t< 
local  i-f^sidents.  It  is  absurd  to  claim  that  this  forest  reserve  is  beinj 
presented  and  promoted  by  large  cor])()rate  interests  for  their  selfisl 
advantage.  On  tlie  other  hand,  it  is  n^coiiimended  and  indorsed  b] 
many  of  the  most  intelligent  and  far-seeing  men  of  California  and  o: 
the  United  States. 


MjOQICAL  tUNVIV 


WATCfl-tUPn.V  MMR  NO.  M     K.  V 


A,     BLACK  BUTTE. 


B.     STONY  CREEK  GAGING  STATION, 
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PRECIPITATION  ANI>  ClilMATB. 

Rainfall  records  in  Stony  Creek  Basin  above  the  proposed  points  of 
npounding  the  flood  waters  are  very  meager  and  fragmentary. 

A  record  at  Fonts  Springs,  in  the  watershed  of  Little  Stony  Creek, 
as  been  furnished  by  John  F.  Fonts  and  S.  E.  Sit.es  for  three  seasons, 
nd  partial  records  for  two  other  years.  There  is  also  a  short  record 
(  Little  Stony,  in  the  same  basin.  A  rain  gage  was  placed  at  Julian's 
anch  house  on  main  stream,  February,  1901,  at  the  time  the  gaging 
fcation  was  established.  These  records  are  the  only  ones  available 
irectly  in  the  watersheds  tributary  to  the  proposed  reservoirs.  Rec- 
rds  for  several  points  outside  of  the  basin  are  given  as  being  typical 
f  the  rainfall  at  the  higher  elevations  of  the  watershed.  These  are 
tortlett  Springs,  on  the  North  Fork  of  Cache  Creek,  which  adjoins  the 
watershed  of  Little  Stony  on  the  south;  Camp  Wright,  which  is  situ- 
ted  a  few  miles  west  of  the  crest  of  Stony  Creek  watershed;  and 
V^eaverville,  which  is  several  miles  north  of  t^e  basin. 

The  records  of  precipitation  at  Red  Bluff,  at  the  head  of  Sacramento 
alley;  at  Jacinto,  which  is  situated  on  the  Sacramento  River  14  miles 
^ntheast  of  Orland;  and  at  Woodlands,  have  been  selected  as  typical 
'  the  rainfall  in  the  valley  lands  to  be  irrigated  from  the  stored  waters 

Stony  Creek. 

Precipitation^  in  inches^  at  Bartlett  Springs,  Lake  County, 
[Latitade,  H9«  1(K;  longitude,  12^  45^;  elevation,  2,875  feet;  authority,  J.  E.  Mcliahon.] 
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Precipitation,  in  inches,  at  Fonts  Springs,  Cobisa  County. 
fctitude,  ae*  2(y;  longitude,  122*»  40';  elevation,  l,65()feet;  authority,  John  F.  Fonts  and  8.  E.  Sites.] 
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Precipitation^  in  itic/m"*,  nt  Litth  HUmy,  VoIumh  County. 
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pPfHpitation,  in  inches,  at  Jidian*a  raneh.  on  Ston^  Creeks  Glenn  Ciyunt§. 
[LifcUtDd«,  3Sf  %";  longitude^  ls£i^  3rr-  elevAtlon,  lUi  Ue^  vutliority,  3tn.  Le«i  JoUmlI 
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Pret^ipitdtion,  in  tncheA,  at  Camp  Wright,  Metntocino  Conniy. 
pjaUtnde,  3^  46';  lon^tudB,  1^';  etavrntlMi^  l.ttM)  fwt;  MUtbarity,  U.  gw  War  EtefpartaiBatl 
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Precipitation,  in  inches,  at  Weaverville,  Trinity  County. 
[Latitude,  iO**  46";  lonffittide,  123>  26^;  elevation,  2,1<B  feet;  authority,  George  E.  Noonan.] 
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Precipitation,  in  inches,  at  Jcutinto,  Olenn  County, 
[Latitude,  88»  W;  longitude,  122«;  elevation,  110  feet] 
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pon  monthly  and  annual  temperature,  in  degrees  Fahrenheit,  at  Willows.  Olenn 

County, 
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^n  monthly  and  annual  temperature,  in  degrees  Fahrenheit,  at  Woodlands, 

Yolo  County. 

[Elevation.  63  feet.] 
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-t-4 


Ix. 


Fio.  l.~-Mean  monthly  precipitation  at  Woodlands,  Fouts  tipnngs,  and  Bed  Bluff. 


28        STORAGE   RESERVOIRS   OK  8T0NV   CREEH,  CAMmmHlA,  [m. 

CltmatfjlogicHl  dalii  for  Coming,  Orland,  and  WOlows,  three  pdal 
within  Of  oloe©  to  th€^  land  that  would  be  irrigati^  from  thewaw 
stored  in  the  StOEy  Creek  Basin,  are  given  for  the  years  1S97  to  l^n)l^ 
inclusive : 

Cliffiaiological  fiata  for  Cofming,  Oriand^  and  WiUoifm. 


On  page  4  of  the  C'alifornia  section  of  the  Climate  and  Crop  Bnlleti 
of  the  Weather  J^urean  for  Novemlx^r,  1900,  is  an  excellent  and  inoi 
complete  collection  of  data,  comi)iled  by  Maurice  Connell,  observe: 
which  are  given  in  full  as  fairh^  representing  the  climatic  conditioi 
of  the  territory  on  the  west  side  of  the  Sacramento  Valley  in  tli 
vicinity  of  Willows,  Orland,  and  Corning. 

Red  Jiluff  is  the  county  seat  of  Tehama  County,  at  the  northern  en 
of  th(^  Sacramento  Valley.  The  city  is  situated  on  the  western  ban 
of  the  Sacramento  River,  in  latitude  40°  10'  north,  longitude  l^L'""  1 
west,  the  average  elevation  al)ove  sea  level  being  309  feet.  The  lai 
slopes  gently  to  the  river,  and  within  a  radius  of  5  miles  the  counti 
is  comparatively  flat.  The  general  moNcment  of  tlie  air  is  fix)m  tl 
nortli  and  northeast  into  the  valley  from  the  mountains  on  the  norl 
and  east.  During  the  sumnn^r  months,  liowever,  there  is  a  wel 
marked  northerly  movement  of  the  air,  wliich  is  in  part  due  to  tl 
strong  wT\sterly  indraft  through  tlie  (iolden  (4ate  and  its  subseque 
deflection  northward  through  the  valley.  Tlie  higln^st  t^emperata 
recorded  is  114"  and  the  lowest  IS\  The  average  annual  precipit 
tjon  Ls  25,50  inches. 
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ly  and  annual  mean  temperature  at  Red  Bluff,  Cal.,  m  degrees  Fahrenheit, 
unth  departures  from  normal. 
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proposiMl  Mill  8rU-  clani.  Daity  gage  Jieiglils  have  l)eeii  kepi  and 
numerous  meter  measurements  have  been  made,  from  which  rating 
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31,  1901,  was  eBtimated  as  298,578  acre-feet  or  0.57  second- 
[uare  mile,  which  amounts  to  7.39  inches  in  depth  over  the 
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n  i>age35;  also  the  estimated  monthly  discharge  for  1901 
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Estimated  monthly  diaehatge  of  Stony  Creek  at  Julian's  ranch. 
[Dr»iiiage  Area,  760  aquare  mUen.] 


Month. 


1901. 
bruarya 

irch 

iril 

ly. --. 
ne - 

Ij 

igust  ... 
ptember 
Jtober . . . 
)yember. 
jcember . 


11  months 


1902. 

unary 

fbruary  . 

arch 

?ril 

ay 

ine 

ly 

ignst  ... 
ptember 
lober . . . 
»vember. 
cember . 


The  year 


Discluurge  in  seoond-f eet. 


MW''»'1''""''"- 


10,385 

2,215 

630 

555 

195 

10 

10 

725 

340 

1,125 

8,875 


10,885 


yintmnm. 


150 

14,650 

7,000 

4,680  I 

1,000 

370 

9 

5 

14 

225 

5,005 

2,765 


14, 650 


725 

435 

225 

225 

5 

0 

2 

5 

0 

35 

77 


109 
109 
920 
690 
270 

5 

2 

2 

5 

5.J 

109 

690  I 


Mean. 


2,707 

893 

361 

349 

66 

7 

4 

35 

130 

161 

425 

428 


114 

4,201 

2,588 

1,522 

578 

132 

3 

3 

9 

92 

1,584 

1, 132 

997 


Total  in  acre- 
feet. 


150,339 

54,908 

21,481 

21,459 

8,927 

430 

246 

2,083 

7,993 

9, 580 

26, 132 


Run-off. 


Second-feet 
iwrsanare 


298,578 


7,010 

233,312 

159, 130 

90,565 

35,540 

7,855 

184 

184 

536 

5, 657 

94, 255 

69,604 


703,832 


3.56 

1.18 
.48 
.46 
.09 
.01 
.01 
.05 
.17 
.21 


Depth  in 
inches. 


3.71 
1.36 
.54 
.53 
.16 
.01 
.01 
.06 
.20 
.23 


..56 

.64 

.57 

7.39 

.15 

.17 

5.53 

5.76 

3.41 

3.93 

2.00 

2.23 

.76 

.88 

.17 

.19 

0 

0 

0 

0 

.01 

.01 

.12 

.14 

1          2.08 

2.32 

1.49 

1.72 

1.31 

17.35 

Maximum  flood  discharge  of  Stony  Creek  February  ly,  1H()1,  8  j).  m.,  cHtimated,  18,(JU0  s«M,ond- 


HIIiT. 

Phe  vegetable  covering,  geologic  charaeter,  and  grades  of  the  water- 
id  of  Stony  Creek  and  tributaries  are  sucli  that  the  streams,  even 
flood,  carry  a  comparatively  small  quantity  of  silt. 
The  setting  aside  of  the  principal  i^art  of  the  watershed  as  a  forest 
«rve  would  assure  the  preservation  of  the  fon^st  at  the  headwaters 
d  the  regulation  of  the  run-off,  and  hence  tAi^  cowtmAX^iWow  q1  \>^fe 


STORAGE  POS8IBILITIEH. 


GRINDSTONE  CREEK. 
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present  favorable  Cioudition  for  the  long  life  of  ntoraffe  r^Bervoirs  IJi»t 
may  b«s  built  to  impound  the  flood  waters  of  these  »tr€iams> 

^m  For  the  investigation  of  the  :4t4jrage  jKisgibiliUes  of  Stony  Creek 
^^early  the  entire  drainage  l>asiu  was  vim  ted.  Stony  Creek  has  a  xtrj 
|)eeu!iar  topographic  catch  men  t  are^.  The  main  Rtrt*ani^  fli>wing  north- 
erly  and  parallel  with  the  Coast  Range,  lies  wholly  io  the  sedim^Ur}' 
rot'k^  and  la  fed  by  several  tributaries  coming  into  it  frt»ra  the  v*«* 
from  the  granitic  crest  of  the  range,  The^e  tributaries^  until  tiiej 
enter  the  sedimentary  rock,  have  a  very  heavy  grade,  and  resenotf 
sites  are  therefore  not  found  thereon.  At  various  points  in  the  Imsm 
a  conglomerate  of  more  or  less  hardness  is  upturned  in  lines  parallel 
with  the  axis  of  the  main  raiig*^,  and  has  assisted  erosion  to  a  v**n 
large  extent.  Wherever  this  ridge  has  bi^eu  crosscut  by  the  varioos 
stTx^ams,  dam  and  reservoir  sites  of  more  or  less  merit  are  found. 

No  exploration  for  l>ed  rock  was  made  at  any  of  the  fitllowing  dniu 
sites,  and  consequently  the  estimates  in  thi***  particular  art*  mamU 
preliminary  and  should  l>e  confirmed  before  construction  is  undeilakeiL 

^Itoujit  Diaiilo  meridian »  draining  a  large  part  of  the  mo^t  ppoduetive 
portion  of  tlie  basin.  At  a  point  about  -t  miles  above  its  inoiitli 
the  stream  iiitei*sects  and  passes  througli  one  of  the  congloinerat* 

ridges  above  refer rf^d  t«),  hot  aH  its  canyon  above  is  narrow  it  was  not 
CiuisideiTd  of  ciiougli  importance  to  make  surveys  to  determine  the 
reservoir  capacity  of  this  site. 

SALT  CREEK. 

On  Salt  Cmek  the  same  conglomrrate  is  upturniHl,  and  the  reser- 
voir conditions  art?  practically  tin*  same,  (\\*Hq>t  1  hat  the  water  supply 
is  mncli  less, 

NORTH  FORK  OF  STONY  CREEK. 

On  the  North  Fork  of  Stony  Creek,  m  tiic  town  of  Newvilie,  a  re?*- 
ervoir  site  was  found  and  surveyed  b}'  means  of  a  plane  table  up  to 
the  f^n-fuc*t  contour,  Th**  capacity  was  fcnuni  to  1m?  25,-ttH}  acre-f<"t*t 
at  that  Icvt'U  distributee]  ov*^r  an  area  cjt^  K^i^fiacn^s.  The  fouodrt- 
tions  and  abutments  for  this  dam  are  not  good,  however,  and  the  land 
to  be  covered  would  be  some  of  the  most  valuable  in  tlie  county. 
The  drainage  area  tributary  to  this  reservoir  site  is  insufficient  to 
supply  this  amount  of  water  except  in  years  of  excessive  rainfall 
therefore  no  estimates  of  cost  of  building  a  dam  at  this  point  were 
made.  Owing  to  this  insufficient  drainage  area,  a  reconnaissance  hv 
means  of  hand  level  and  barometer  was  made  to  determine  tlie  possi- 
bility  of  diverting  Thomas  Creek,  tA\e  wexV  cy^^V  \v>  U\^  west^  into  this 
reservoir  site.     From  the  cursory  examVivaWow  ma^^  '\V  ^\.^^^y$.  -^^ 
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ire  no  engineering  difficulties  to  be  encountered  which  could 
overcome,  except  that  of  a  heavy  cost  for  the  work.  It  would 
dy  not  be  public  policy,  however,  to  divert  this  stream,  as  a 
)ir  site  exists,  and  was  surveyed  by  others  several  years  ago, 
3  miles  south  of  the  town  of  Paskenta,  Tehama  County,  on 
^  Creek.  No  information  as  t<o  the  capacity  or  cost  of  this 
)ir  could  be  obtained,  and  surveys  were  not  considered  justi- 
Phe  dam  site  appears  fair,  and  the  basin  above  it  is  extensive. 
I  was  outside  of  the  Stony  Creek  investigation  no  surveys  were 
The  locality  upon  which  this  water  should  logically  be  diverted 
and  naturally  tributary  thereto,  either  in  the  basin  of  Thomas 
or  at  the  i)oint  where  it  debouches  into  the  Sacramento  Valley. 

BRISCOE  CREEK. 

creek  has  a  catchment  area  of  50  square  miles  of  good  moun- 
ainage.     The  crest  of  the  drainage  is  a  high  mountain,  locally 


Pio.  3.— Briscoe  dam  site,  Stony  Creek. 


Hs  Sbeetiroii  Mountain,  and  inhabitants  ot  \,\i\9»  \oc«\\V^  \«^^ 
lies  in  what  may  be  termed  a  **  rainy  beVt,'^  YiavVtv^  »iNs\^\}cv  qH. 


38        9TOEAOK   RISSKHVOIRB   ON   STOlfY    CEl^E,  CALTFORKXA,  fwM 

about  fi  miles  and  t^xtendinif  nortbeo^i  from  thiii  moaiitain  about  d 
miles.  Hn8Cf>e  Creek,  in  see,  30, T.  20  N.,  R.  G  W,,  M.  B.M.,  mt^rsecfJit 
eouglojuemlo  Ix^  iri  a  uarit>w  rooky  gorgi?  tbal  in  places  is  onlj^^M 
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Fio^  3» — C^pat?ity  ctirvp,  Briaeoe  reaerrolrH^ 


Fio.  4.— Plan  <»f  c*f)n<'rt'to  dam.  Briscoe  roservoir. 

wide.     The  site  was  surveycMl  and  found  to  Iwive  a  capacity  of  14,385 

Here- feet  with  a  dam  12r)  feet  \\u>:\\.     X  sv\\\suVu\Yy  dwm  at  the  divide, 

1,7()()  feet  north  of  dam  sit^^,  wU\  iv\si>  \uv  Au^ev>ss\\Y>  ,  nn\V\v  w  \\\i^>j:\\\\>m 


•EOLOGICAl.  SURVEY 


WATER-SUPPLY  PAPER  Na   8«      PL.   VI 


BRISCOE  CREEK   DAM   SITE. 
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f  30  feet.  The  conglomerate  at  the  dam  Aite  is  very  hard  and 
,  a  sample  taken  weighing  143  pounds  per  cubic  foot.  lied 
t  the  surface  in  the  canyon  at  the  dam  site,  and  the  walls  of 
on  are  good. 

onsidered  that  the  best  type  of  dam  for  this  place  will  be  a 
1  concrete  gravity  dam  with  a  concrete  spillway  at  the  sub- 
lam. 

»llowing  estimates  with  regard  to  the  concrete  are  baseil  on 
niption  that  25  per  cent  of  the  conglomerate  rock  will  quarry 


PlO.  6.— Section  of  concrete  dam,  Briacot*  reservoir. 

irge  blocks  and  that  these,  after  having  their  surfaces  thor- 
leaned,  can  l)e  emlx^dded  in  concrete  and  will  occupy  at  least 

of  the  cubic  contents  of  the  dam.  For  purposes  of  com- 
of  cost,  three  types  of  dam  have  been  estimated  upon.  First, 
"^e-mentioned  concrete  gravity  dam  of  light  cross  section  and 
i  curve  upstream  on  a  radius  of  300  f(»et,  with  a  small  return 

each  end,  to  fit  the  ground.  With  this  design  the  overflow 
e  through  the  spillway.  Second,  a  concrete  overflow  dam. 
T^jth  a  300- foot  radius  and  with  a  crofts  «eeWow  \Jaft  «a,\sift^& 
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Fto.  a.^Flan  of  spill w&y,  Briscoe  roeefToIr^ 


Fro.  7.— S(>rti.m  of  s\n\\\vay,'Bv\svi>»'  yv>^v^tvvvvt. 
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ed  for  the  Sail  Carlos  dam  on  the  Gila  River,  Arizona.  In  this 
he  surplus- water  would  pass  over  the  dam.  And  third,  a  dry 
!5  or  loose  rock  dam  with  straight  crest  and  a  plank  water  face, 
onnection  with  the  first  and  third  type  a  concrete  weir  dam  has 
lesigned  for  a  spillway  at  the  location  for  the  subsidiary  dam. 

the  second  type,  or  overflow  dam,  an  earth  subsidiary  dam  is 
led  with  concrete  cut-off  wall  riprapped  on  water  face.  A  con- 
ower  and  tunnel  outlet  has  been  designed  for  each  of  the  types; 
or  the  loose  rock  type  requiring  a  longer  outlet  tunnel  and 
•  bridge,  connecting  tower  with  crest  of  dam. 

following  data  have  been  used  in  connection  with  designing  an 
3w  concrete  dam- for  the  spillway: 

area  of  watershed  is  50  square  miles.  Assuming  the  highest 
ble  flood  discharge  at  100  second-feet  per  square  mile,  we  have 
wicond-feet  flood  discharge.  It  is  desirable  to  have  the  surface 
)f  the  reservoir  at  the  180-foot  contour  (based-  upon  an  assumed 
i),  which,  therefore,  will  be  the  level  of  lip  of  spillway  weir, 
will  give  a  depth  of  120  feet  of  water  in  the  reservoir.  The 
I  point  in  the  divide  where  the  spillway  is  to  be  is  at  154  feet 
ion.  Maximum  height  to  crest  of  weir,  26  feet;  length  on  top 
►-foot  contour,  550  feet;  length  of  weir  opening  at  180- foot  con- 
500  feet.  With  a  depth  of  water  over  weir  of  2^^  feet  the  dis- 
5  capacity  will  be  6,580  second-feet,  and  with  a  depth  over  weir 
»et  the  capacity  will  be  13,320  second-feet,  and  the  water  level 
3  within  1  foot  of  the  crest  of  main  dam,  the  latter  case  being  a 
ixtreme  assumption. 

Capacity  of  Briscoe  reservoir. 


Contotir. 

Height  of 

Area. 

Capacity 
between 
contonra. 

Total 
capacity. 

Feet. 

Feet. 

Acres. 

Acre-feet. 

Acre-feet. 

70 

10 

1.7 

8.5 

8.5 

80 

20 

10.7 

62 

70. 5 

90 

30 

17.2 

139.5 

210 

too 

40 

30.6 

239 

449 

110 

50 

53.0 

418 

867 

120 

60 

71.9 

624 

1,491 

130 

70 

99.1 

855 

2,344 

140 

80 

144.8 

1,2U& 

3,565 

150 

90 

211.1 

1,779 

5,344 

160 

100 

271.0 

2,410 

7,754 

170 

110 

347.8 

3, 094 

10,848 

180 

120 

401.5 

3, 747 

14,595 

ition  of  ontlet  30  feet  above  bottom  of  reservoir. 
tioD  of  spillway  120  feet  above  bottom  of  reBervoiT. 
^ty,  14,595-210=14,385  acre-feet. 
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Fio.  9.— Eleyation  of  concrete  overflow  dam,  Briaooe  reBervoir. 


10000  •.f. 


Pio.  10.— Croea  section  of  concrete  overflow  dam,  Briscoe  reservoir. 
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26j00<J  iu!re-fe«t  can  be  obtained  from  this  reservoir.  I 
obtiiiu  information  lis  to  the  run -off  available  from  this 
tribiitan(*s*  of  Stony  Creek  the  gapii^  station  at  Julian's 
etJiablishecl  unci  i»4  bolni^  nmintained.  Two  types  of  damn' 
(li^siigiit'*!  for  this  Uwatiott,  eor respond inj^  to  types  No». 
Briscoe  site. 

Capacitft  of  Kant  Park  reaerr^ir. 


Hele-ht  of 

Area, 

contour*. 

/v«t. 

A&ne4. 

^Icre-Z^f. 

Acre^/r/tt. 

{} 

0 

0 

Id 

3.38 

UA 

1L4 

m 

44.  Id 

23S2.& 

343.0 

25 

m 

ft54.3 
1,064.7 

119.97 

830,  B 

40 

354.de 

1,874.1 

3.9S8.S 

m 

473,14 

B.tmJ> 

0,BO3.8 

«i) 

640. 4» 

5.;i»3.g 

12,197.0 

7r> 

l,t(KK3e 

8,704.3 

30,901.3 

irt 

l,M).fl7 

5.852.9 

!^.753.9 

Eleyation  of  outlet,  25  feet. 

Elevation  of  spillway,  75  feet. 

Total  capacity  in  acre-feet  above  outlet  at  25-foot  contour  and 
contour,    26,753.9— 654.3=26,099.();    26,000    iicre-feet    was    used    as 
reservoir. 


Fia.  17.— Capacity  c\irvv>,  ■E.v\s\  VvxtV.  Tvi^cT^fAx . 
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Pia.  18.— East  Park  dam  8ito. 


Estimate  f(ir  dam  on  Little  Stony  Creek,  type  No.  /,  cojicrete  dam. 

SPBCIFICATION8. 


Pe«t. 


atter  of  water  face 5  in  100 


atter  of  lower  face 

levation  of  crest  of  dam 

Btimated  elevation  of  base  of  dam . 

Taximnm  height  of  dam  .  _  

If^vation  of  sill  of  spillway 

Elevation  of  ontlet 


1  in  2 

85 

-30 

115 

75 

25 


Capacity  of  reservoir,  26,0(K)  acre-feet. 

Capacity  of  spillway  (water  2  feet  l)elr)w  (^rest  of  daui),  15,070  cnbic  feet  per 
eH!ond. 

COST. 

^^,900  cubic  yards  cxmcrote,  at  $10                                     $i:J0,0O0.00 

iicavation  U)  lied  roi^k . 0, 000. 00 

•pillway - .      .    .        -      1},  285. 00 

Hitlet  tunnel  and  works -                               .    7, 876. 01 

tridge 720. 00 

^ble  machinery 10.000.00 

-umber  in  flumes,  etc.,  10,000  feet  B.  M. .  at  $20  .... .  200. 00 

tightofway - -  20,700.00 


Engineering  and  contingenoi(»s,  10  per  cent 

Total - 

Cost  per  acre-foot  stored.  $7.94. 
IBR  86—03 4 


187.781.00 
18. 778. 10 

206,  559. 10 
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»K4fWt*     £1-90  ft 


Via.  1«.— Maximum  <-russ  H<^-tinn  of  roncrete  dam,  Ea8t  Park  dam  site. 
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R     MILL  SITE  DAM  SITE  ON  STONY  CREEK. 
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86  In.  dia.  plp» 
Fig.  21.— Outlet  tunnel.  East  Park  dam  site. 


S3  tHtehargt  154f68  mo.  ft 


HB^ 


Fio.  2S.~Pn)Ale  of  spillway,  concrete  dam.  East  Park  dam  site. 
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Fio.  28.— OxosB  section  of  spillway,  concrete  dam,  East  Park  dam  site. 


Estimate  of  cost  of  rock-filled  dam  on  JAttle  Stony  Creek.     Type  No.  2. 


J'OO  cubic  yards,  at  $1.25 

Ovation  to  bed  rock,  2,000  cable  yards,  at  $2 

icrete  to  bed  rock,  1 ,500  cubic  yards,  at  $10 

nk  face,  170,000  feet  B.  M.,  at  \v\  a  thousand 

icrete  between  stringers  under  planks,  etc., 481  cubic  yards,  at  $10. 

icrete  valve  tower  and  bridge 

inel  and  concrete  filling. 

steway .  - 

mbble  foundation  under  timber,  1,444  cubic  yards,  at  $1.50  (extra 

MSt)  - - 

le  machinery 

ht  of  way 


$65,875.00 
4,000.00 

15,000.00 
4,250.00 
4,810.00 
7,040.00 
1,850.00 

18,250.00 

2,166.00 
10,000.00 
20, 700. 00 


158,941.00 
ineering  and  contingencies,  10  per  cent 15, 394. 00 


Total 

jet  i)er  acre-foot  stored,  $6.51. 


169,335.00 


OiB.] 


BAST  PARK   BBBEBYOIB,  LITTLE  8TOKT   OBEEK. 


51 


86  In.  <//&  p/p« 


Fig.  21.— Outlet  tmmel.  East  Park  dam  site. 


O.  89  DiMihargt  1SM9  mo.  ft 
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Fio.  &.— ProOle  of  spillway,  concrete  dam,  East  Park  dam  site. 


ConghmenUt  fotmd<tthn 


18  "Conorrtt  flooring 
100  FEET 


Fio.  28.— OroflB  section  of  spillway,  concrete  dam.  East  Park  dam  site. 


Estimate  of  cost  of  rock-filled  dam  on  Little  Stony  Creek.     Tyj^e  No,  2. 


^2, 700  cubic  yards ,  at  $  1 .  26 _ 

Sxcavation  to  bed  rock,  2,000  cubic  yards,  at  $2 

^^crete  to  bed  rock,  1,500  cubic  yards,  at  $10 

^lank  face,  170,000  feet  B.  M. ,  at  $25  a  thousand 

^ncrete  between  stringers  under  planks,  etc., 481  cubic  yards,  at  $10. 

^ncrete  valve  tower  and  bridge  . .  _ 

^'^uinel  and  concrete  filling ,     . 

^aeteway _ 

^  rubble  foundation  under  timber,  1,444  (!ubic  yards,  at  $1.50  (extra 

Cost) 

^ble  machinery 

'ight  of  way 


^^neering  and  contingencies,  10  j^er  ceiit. 

Total 

Cost  per  acre-foot  stored,  $6.51. 


$65,875.00 
4,000.00 

15,000.00 
4,250.00 
4,810.00 
7,040.00 
1,850.00 

18,250.00 

2,166.00 
10,000.00 
20,700.00 

158,941.00 
15,3»4.00 

169,335.00 


52        STORAGE  BESKEVOIRB  OH   8TUNY   CSEEK,  CALIFOBKIA.  '^ 


Fkj.  2;').     Muximum  tinum  soctitm  of  rock-tlllcHl  dam,  PIiiMt  Park  dam  site. 

Type  No.  1  is  recommended  for  tliis  location  as  l)eijij^  more  siil 
stantial  and  serviceable  than  a  rock-fill  type. 

There  is  a  scarcity  of  sand  at  tlie  dam  sites  on  Little  Stony  Creel 
and  the  cost  of  concrete  has  been  estimated  upon  the  basis  that  the  eoi 
glomerate  rock  will  have  to  be  crushed  and  washed  for  use  in  plm 
of  sand.  It  is  thought  from  inspection  that  the  conglomerate  is  har 
enough  to  make  good  sand,  which  can  be  ground  to  a  uniform  gnid 
and  thoroughly  washed  under  prcHsvw^  \\\  vv  \vi\olvvu^  cylinder. 


'^] 
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ti^e.  a/  p wf  8S  p. 


Flu.  SM.—Downstream  elevatiou,  mck-fllled  dam,  Kant  Park  dam  Hit«*. 


L. 


aOOPEET 


Fio.  27.— Upstream  eleyation,  rock-filled  dam,  East  Park'  dam  site. 


«.28.— Dotail  of  jilank  fwt»,  r«H'k-flUtHl  daiu,  Eant  PhyV.  d^xu  w\\e>. 


^BBBn 


9  ,   .  ;   .apq  »"»  mr  __       atpafcrr 

iti  iibciwiDK  rwlAtif^*  i»tHitlfld  of  w»«lewiiy^.  rcwk  ftllwl  iiam^  EnHt  Pi*rlc  dam  «i1^ 


I 


Fl*j.  ML— CYfwPk  pu'Ttinii  *if  wiiKtj*winr.  rt^'k-flllecl  dam,  Ravif  Purk  clnril  isl1<^. 


Fig,  31.— Plan  of  wasteway,  rrwlc-filled  flam.  East  Park  dam  site. 

The  following  figures  hav(*  been  used  to  estimate  the  eost  of  eon- 
crete  in  this  locality: 

Cont  (ff  coiicrfft'  <tf  JAtth',  Stout/  Cret'k. 


1  barrel  Portland  cement,  »it  railroad 
Freight  to  dam,  at  20  cents  \h^v  100  jxmnds. 

Cost  dehvered.  jKa*  87.")  ]K)undH 

PLANT    FOR     PKKPARIN(}    (<  JNC'RKTK. 

Mill  for  crushing  rock .  

Mill  for  grinding  coarse  sand 

Engine  and  lx:)iler       . 

Freight  and  setting  nj) .        

Plant  for  preparing  sjuid  and  rtK-k  fvn*  v-owctvAo 
Machine  for  washing  . 


.HO 


$4..V) 


1 .  500.  W 
1..VKI.00 
1,0(H).(K1 

500.1)*) 

4,500.<X) 
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PRBPABING  ROCK  AND  HAND. 


c,  crashing,  -penr  cubic  yard $1. 50 

c,  washing,  per  cubic  yard 15 

I.  grinding,  per  barrel .36 

I.  washing,  i)er  barrel .   .   . 


.14 


$1.65 


.50 


TOTAL  COST  PKR  YARD  OF  CJONCRKTK. 


J,  1  cubic  yard 

I,  2  barrels,  at  50  cents. 

ent,  1  barrel 

3r,  mixing 

3r,  placing  in  dam 

w  for  machinery . .     ... 
tingencies  ...    


E^stimate  total  cost,  per  yard 


1.65 
l.(M) 
4.55 

.50 
1.00 

.30 
1.00 


10.00 


Ftq.  82.— Profile  of  wasteway,  rock-fllled  dam,  Eaat  Park  dam  ait«>. 


Fio.  83.— Outlet  of  tunnel,  rock-filled  dam,  East  Park  dam  site. 


of  il  orer  -5<w 

ahiJ  Little  J^tonr 

A  4fta  At   thi&  poJnt,  ^> 

43.73S  arrv-fr^t  wf  water 

in  <lj^  Te*rsu     A  r»*^n>d  of 


?li#  Atrv  &afk  t«^B  kiefj*  AX  J&iiA^V  rmfkrfa  a]  a  pttint  1  j  mik^  uliov^  tlie 
'ImiB  *t:#-:  '!i^  ^-s^risnalr^  'li^rharr^  f^^r  ;**"!  an*!  I1»*?  K  sbi»wn  liy  th^ 
iuhl^  oTi  \f.    'Jj.     TL-  •I'i-p:!.  :••  "'^1  r>«:-k  S  a>c^umt-«i  to  l»»*  :>-'»  ft-t*t.     No 

Th*'  wall  n^-k  >  not  T»rr\-  iTiPi-j.  an«i  maierial  for  concrete  would  have 
Uf  Uf  trarj>jj^>rt*-r]  !.»>  •  <  ff^x.  « >winir  •o  These  conditions  it  was  decided 
Ujf'Htluiar^  on  a  hK/>e  or  nx-k-nil^l  fiam  with  ample  spillway.  The  dam 
*\4^\l^ji*'4\  ha>  a  t^ip  l^-n^h  of  l.-j^y*  feel,  iijiper  slope  1  to  l^:  lower 
HJofM*  I J  t';  1  :  the  upf>«'r  sloj^*^  i??  u*  1m-  fa<-e<l  with  an  earth  embankment 
built  a^ains:  it  with  a  sh»{M'  of  :]  to  1,  th*-  width  of  the  rock  on  the 
bip  to  \h'  jr>  b»«-t  and  th«*#*arth  '»  feet,  makin;:  the  finished  crest  '20  feet 
wide.  Ttic  Hfiillway,  r-alr-iilateil  to  c-ariy  :'.«., i*5o  second-feet  of  water 
when  tlowin;^  H  feet  deepr>vorthe  sill,  is  '»< h »  f«M*t  wide  by  10  feet  dei*p, 
iMid  would  be  locat4-d  to  the  east  of  tin*  dam  throu^di  a  low  saddle, 
litid  dUeharj^e  neveral  hundred  b^^-t  below  i1h'  dam. 


J 
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Estimate  of  cost  of  roek-JUl  dam  at  MUl  Site, 

^400  cnbic  yards  earth  and  selected  material,  at  75  cents  per  cnbic 

rard 

L200  cnbic  yards  loose  rock  to  be  transported,  average  1 ,600  feet,  at  $1 . 

mcretecnt-ofif  wall, 2,886  cubic  yards,  at  $10 |28,860 

rcavation,  1,452  cnbic  yards,  at  $2 2,904 

icayation,  951  cnbic  yards,  at  50  cents 476 

illway,  500  feet  wide  10  feet  deep: 

Excavation,  13,160  cnbic  yards,  at  40  cents 5, 264 

Concrete  wall  and  apron  for  weir,  875  cnbic  yards,  at  $10. .        8, 750 

Litlet  tunnel,  400  feet,  at  $10 

>wer,  90  feet,  1.7  cnbic  yards  per  foot,  153  cnbic  yards,  at  $10 

alves  and  appliances 

ancrete  dam  in  tnnnel,  100  feet,  85  cnbic  yards,  at  $10 

K)feet  48-inch  pipe  and  gate  attached 

ridge  for  tower,  225  feet  span,  Pratt  truss 

,340  cnbic  yards  riprapping,  at  $1.50  (additional  charge) 


per  cent  for  contingencies  and  engineering. 

Total. - 

^t  per  acre-foot  stored,  $13.32. 


$148,800 
293,200 


31,740 


14,014 
4,000 
1,530 
3,000 
850 
2,000 
3,000 

27,510 

529,644 
52,964 

582,808 


Pio.  3B.-SectioTi  of  Mill  Sit*^  dam. 


68        BT\>RAGE   BE8KRV0IBS   ON   8TONT   CRKKK,  CAl.lJ'fmKlI^ 
Capaeiljf  of  Mill  Site  regertKHr. 


IVmtfmr. 

dam. 

Artw. 

*«liiwit3r* 

0 

0 

n 

no 

fi 

m.  ft 

130 

fin 

70 

m 

117  J 

715 

780 

m 

2^ 

2*W.3 

tM7 

t>,70T 

m 

im 

JiSW,9 

M,aaa 

oaHo 

100 

4f} 

noi.a 

4,3U 

10,554 

no 

^ 

mi.  4 

S,  IS70 

10.3S4 

ISO 

m 

imA 

lAm 

S!),Sa» 

1M 

ts 

X.QmA 

^A%t 

32,5<MI 

140 

85 

i^asi.s 

11.300 

IB,dOO 

ElBTation  of  outlet,  5  faet  above  bottom  of  reaervDir. 
Eli^vation  of  spillway,  85  feet  above  bottom  of  reseiTOif  * 

Capacity^  49,800 -05 =4SJ35  acre-feet 

This  water  would  b©  used  to  irrigate  the  rich  foothill  )andi&  on  i 
we8t  Hide  of  tbti  SftcranientiO  Valley  between  Orland  and  Willows. 

In  the  j  udgment  uf  the  county  aaseBi^or,  who  has*  an  intimate  kno 
edge  of  the  nature  of  the  land  in  Glenn  Cnunty,  tliase  lands  would 
easily  advanced  $30  per  acre  in  value  if  furnished  with  ample  wj 
supply. 


Fuj.  :IT.— Section  of  spillway,  Mill  Sitij  dam. 


The  capacity  of  the  Mill  Site  reservoir  not  being  suflQcien 
impound  all  of  the  flow  of  Stony  Creek,  a  further  investigation 
made  in  February,  1901,  of  tlie  feasibility  of  diverting  a  portio 
this  water  into  Ilambright  and  Kppinger  creeks,  small  streams  ri 
in  the  footliills  and  discharging  into  the  Sacram(»nto  Valley.  Cer 
reservoir  sites  exist  on  those  streams  too  large  to  l)e  filled  from  t 
drainage  basins.  The  result  of  this  investigation  indicated  that 
cost  of  the  diversion-canal  line  would  be  too  heavy  and  the  reser 
capacity  not  sufficient  to  justify  th(^  necessary  ex[)ense  inciden 
this  construc^tion. 
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Eleva 

fion  of 

spillwj 

y 

-8ft 

^ 

-nr 

-** 



^ 

^' 

-ss- 

y 

^ 

y 

-3S- 

/ 

-25r 

-19" 

L Eleva 

tion  of 

outlet 

0 

\         i 

1         1 

I    1 

Thoi  sands  bf  acre^-feet 

>           SJO          2k           sIb           2(2           ^B           4}          44 

Fio.  88.— Opaoity  cnrre,  Mill  Site  resenroir. 
SUMMARY. 

The  annual  coBt  per  acre-foot  of  water  stored  is  the  important 
mlt  to  obtain,  and  this  is  shown  by  the  accompanying  table  for  each 
iervoir  and  for  each  class  of  dam  estimated  upon. 

0€»t  and  capacity  of  reservoirs  on  Stony  Creek, 


provexnent. 


coe 
ir. 


t  Park  ren- 
Toir. 


Deacription. 


126-foot  concrete 
gravity  dam  with 
wasteway. 

120-foot  concrete 
overflow  dam. 

i25-foot  loose  rock- 
flU  dam  with 
wasteway. 

115-foot  concrete 
Srravity  dam  with 
wasteway. 

115-foot  looHe  r<M"k- 
flU  dam  with 
wasteway. 

S6-foot  looee  rock- 
fill  dam  with 
wasteway.  , 


I 


a 
i 

o 
0 


milen.     Feet. 


m 


:ifV) 


.a 

Feet. 
12 


50 

3eo 

16 

50 

380 

20 

210 

197 

12 

210 

1»5 

20 

fion 

1,240 

20 

Oost  of  installa-   ^hV,L 
tion.  ggS* 


I 

Acre- 
feet. 

14,:«i  ;$218.2H1.80 


14,HK5 
14,»<5 

20.0IN) 


211,Hfi.fl5 
205,««.00 


^-5    'ill 
0.        \< 


$15.17+       $1.10 


14.«7+:        1.07 


14.29+'        l.(» 


I 


20«,55».10       7.1W 

at,  001)    i<w,:w».oo  ,   «.r;i 


r» 
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PREFACE. 


In.  the  following  account  of  some  of  the  more  interesting  and  promi- 
^^nti  irrigation  works  in  India  I  shall  confine  my  detailed  descriptions, 
^^  I  did  my  observations,  to  the  works  which  exist  under  conditions 
**^*^ilar  to  those  in  the  United  States,  and  shall  refer  only  briefly  to  the 
^"^^^T  though  equally  important  features  of  the  irrigation  problem  in 

I  examined  only  the  principal  canals,  navigable  and  non navigable, 
^^^  entirely  neglected  the  deltaic  and  inundation  canals,  as  there  is 
^^J'^le  or  no  probability  that  such. works  will  ever  be  constructed  in  the 
^^^ited  States.     Transportation  by  railways  and  wagon  roads  is  so 


ay  and  general  all  over  our  country  that  there  is  little  likelihood 

^^^r  canals  will  ever  be  made  navigable;  accordingly,  though  I  saw 

^^d  examined  several  navigable  canals,  little  reference  will  be  made 

^^  their  features.     The  more  important  reservoii-s  and  tanks  were 

^^mined,  especially  those  under  construction.     Little  will  be  said  of 

"^ells,  though  in  the  future  improved  methods  of  pumping  will  be  used 

Inthe  United  States. 

India  stands  preeminent  for  her  gigantic  engineering  undertakings. 
No  other  country  has  so  vast  and  so  fertile  an  expanse  of  territory, 
with  such  convenient  slopes  for  the  construction  of  canals,  and  at  the 
game  time  such  an  abundant  water  supply.  In  general  there  is  great 
fliimlarity  between  the  climate  and  topography  of  the  great  northern 
plains  of  India  and  portions  of  our  arid  West,  especially  the  eastern 
slope  of  the  Rocky  Mountains  and  the  great  California  Valley.  Cen- 
tral India  and  the  Deccan  have  many  features  in  common  with  the 
central  portion  of  the  arid  region,  particularly  portions  of  northern 
Arizona  and  southern  Utah.  The  climate  is  as  similar  to  that  of  our 
Middle  Western  States  as  is  the  topography.  The  average  annual  pre- 
cipitation rarely  exceeds  30  inches,  while  the  precipitation  during  the 
autumn,  or  rabi,  crop  varies  between  2  and  6  inches. 

This  autumn  crop  is  the  one  that  will  be  generally  considered  and 
discussed  in  this  report,  since  during  the  time  of  it«  maturity  the  cli-  * 
matic  conditions  are  very  similar  to  those  existing  everywhere  in  the 
arid  regions  of  the  United  States.  Two  crops  are  annually  grown  in 
India,  one  of  which  is  sown  in  early  spring  at  the  beginning  of  the 
monsoon  or  rainj  aeason,  and  is  called  the  avuxmi^T  ot  ^sXiwcM  ^xq^» 
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FRELTACE. 


"1 


Iitii#  cMi  irripaicn  fur  ibs  matiiriDg, 

iif  Uif  nun  of  the  eotw  ji»r  falls  during  the  siui 

V  til©  imiaCtill  114  vitiy  light,  mm},m  Wc 

]»«etfiit«tioii  AtT*  licitlj  f^ltodar  to  lb 

i 
i  tlie  fpttditfawtt  of  gufiinaiifitit  mw}  |RM>p1e  are  ^d  d 
Iiidui  fnm  tknift  hi  .Aisttii3i|  atftiu^  tutt^ful  «^\uni  plef^  aod  k*^ 
drmwv  ft<Mnifcg  igUtaaof  adnliiifitimtloii  aacl  le^ktioo  pmt^ 
9BwM  M  fiUB  tht  AoMnelmk  sui^eoss  or  failure  tlmt  hji«;  ^MJ 
I  «f  theif  vtirlcA.  TU©  eondttioti^  im*li*r  which  i 
nut  Mftdf-ruk^  ini|e»CiiNi  mtcrpriiec  mn^  not  ^i  difli^rent  1 
iMatiag  tA  IjkdiA  And  moUimi  Euttkpe  fm  would  at  first  a[>|| 
•«tei  we  «uijrrait8tnict  amst depeiiil  fur  iheir  utilimtioti  aiti 
«tt  wn%rAtkm,  jb^iWy  will  ht^birgely  in  m.  sparf^i^ly  iukabiiaf 
i«  ordii'  til  ifidot.*^  this  immi^nttiiiit  fiecipLe  niu^Hl.  be  cotivijil 
lmw6lB  and  utilttrof  fmgfttifitu  C'tmiltltorLN;  similar  toi 
In  |mrtMui«if  IaiIia  wWi^  thi^  cni)«»t.  iiutMH-s^fuI  imgatidl 
bjiw  l«*ii  cttrricMl  ouL  Irrijcatiaii  wurkti  luivo  f rtMiuenUy  b^ 
t«fc^4t  ta  partioiis  of  Indui  ihAi  w^n^  Alni*Mly  ovfrp^^fHiUtl 
liAtf'TvDd^fttd  tfeelttid  more  fertile' fi nil  Hi ijflj4^ietit1y  pn>t|iK«ti 
port  tM>Aflj  doatilft  tile  |xi|>ulati(»u  which  it  wan  pn^viuuj^ly  i 
0tisMmsi^,  Ttii»»  too^  baa  lie^ti  aeootuplUbtvi  iUikpi  lc»  the  pri 
beovt^FnHDQ^aiid  ttedittnlliiBenDOUtitet^l  in  imlitcnn^[ieo[) 
tL^Mtf  \hi*  water  fiirmslieii;  difiSi'iilUes  fiir  greater  thau  we  w 
to  tvntend  with  in  mdurlng  tmmigmtion  to  our  arid  West 
the  ^rvai  rjiuAl^  of  flit*  North w«^t  PnAint-es  and  the  Pm 
nuiU-n^kvu  in  iJiJ^incts  that  wer*?  sparsely  inhabited,  'Iln 
ar^  amotltr  thoee  of  India  that  have  [>aid  the  largiest  mu*n 
arij^t na  1  ^*ti t la}%  Wit h in  ten  years*  from  their  eonstrnetii jii  t h 
w*s  f ulh  iK>pulatt'^l,  aUhottgtt  the  immii^ration  was  often  fm 
jHYVtlons  of  In^Ua, 

Aus  im|R*rfi*<*ti*^u>  whi4*h  may  apj>ear  in  this  account  of 
HinintMl  Mn<3  in  t»i>i'n*iton  nrx^  in  no  way  due  to  lack  of  a^ist^ 
th*^  «*n^ini^t*rN  in  iiuUmrity.  It  i^  iuiposi^ible  to  speak  .strong 
of  I  he  lio^pLttHiity  and  kitnlness  with  whifh  I  was  evi-rywher 
In  fiU't,  owinu  t*^  ''i*^  iiniitiul  time  at  my  disposal,  the  jjrea 
milty  expi^rienetMl  was  to  h*ave  the  hospitable  jL^uidenand  ent^ 
wht>  wffv  a]ipar**ntly  willing  to  spend  days  iu  showing  and  e: 
the  worka  the}-  ha<l  in  irliarge. 
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?.  This  account  of  some  of  the  more  important  irrigation  works  of 
fSndia  was  first  published  in  Part  II  of  the  Twelfth  Annual  Rei)ort  of 
iihe  Director  of  the  United  States  Geological  Survey,  for  1800-91.  The 
i^Semands  for  this  report  were  so  great  that  the  entire  edition  was 
Ibeixhausted  within  a  few  years.  Recently,  and  largely  as  a  result  of 
^^Bie  renewed  activity  in  irrigation  in  the  Western  States  through  the 
^4Breation  l)y  Congress  of  the  Reclamation  Service  of  the  United  States 
Serological  Surve3%  thei-e  have  been  increased  calls  for  this  report. 
'At  the  instance  of  Mr.  F.  H.  Newell,  chief  engineer  of  the  Reclamation 
"Service,  I  have  made  a  careful  revision  of  this  report  from  such  avail- 
-able  data  as  I  have  succeeded  in  accumulating  during  the  intervening 
years.  This  edition  is  published  as  one  of  the  series  of  Water-Supply 
'.  and  Irrigation  Papers  of  the  Geological  Survey. 

Comparatively  few  new  works  have  been  built  in  India  since  1890. 
The  Bhatgur  and  Tansa  dams  have  been  finished  and  are  in  success- 
ful operation  with  but  slight  modifications  from  the  plans  as  previ- 
ously published.  The  great  Peryiar  project  has  been  completed  with 
slight  modifications.  These  changes  are  noted  in  the  accompanying 
text.  In  addition,  the  matter  concerning  inundation  canals  and  that 
descriptive  of  deltaic  canals  have  been  extended.  Under  the  latter 
head  the  Kistna  project  is  described  in  more  detail,  as  is  the  Sanga- 
manicut  project,  both  •of  which  contain  works  which  will  interest 
American  engineers.  Under  title  of  *' Tanks"  the  Rushikiilya  proj- 
ect is  described,  both  because  of  the  interest-  attached  to  the  dam 
and  because  it  is  a  combined  project  including  the  diversion  of  water 
from  a  running  stream  and  its  storage  in  a  reservoir  located  at  a 
considerable  distance  from  the  canal  head. 

The  most  important  feature  of  the  revision  is  the  bringing  of  all  the 
financial  and  statistical  data  concerning  the  more  important  works  in 
each  province  up  to  1001,  the  date  of  the  last  official  Indian  n^ports. 
At  the  close  of  1001  the  area  of  India,  including  native  Stat(\s,  was 
1,550, 003  square  miles,  the  total  population  was  204,200,701,  and  the 
total  expenditure  upon  all  classes  of  irrigation  works  by  the  Govern- 
ment of  India  had  been  S:537,850,()00.  In  the  year  1000-100]  the  ex- 
penditures on  account  of  irrigation  amounted  to  *11, 500,000  and  the 
revenues  to  *12,O75,0OO,  showing  a  profit  of  7.5  per  cent  on  the  capital 
outlay  for  eoDstruction.     The  total  area  cultivaleOL  '\vi\w<\\^  W\^  ^axsL^ 
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year  w»s  180,lol,0y3  acres,  and  the  total  area  irrigated  was  18^611,106 
acreB,  01%  eoiinting  amas  double  cropptsd  or  thoae  irrigated  more  tlian 
oiif«'  ill  a  BL^a,^oii,  the  ai^a  iiTij^jittKl  was  33,09ri^0;il  fun-iKs.  The  (M4t> 
mat^Kt  value  of  the  irrigated  crops  iti  i9U0-H*01  was  $ir>Up(X*ti,O0ti,  and 
of  the«e  it  in  iiit^eresting  .  note  that  the  an.  uniler  cultlvatioii  L& 
whuat  amoiiiited  U>  ovm'  U)  million  aeres^  and  in  eotton  to  over  ^ 

\    niilUuii  jw?reB,  and  that,  the  total  value  of  the  latter  <^rop  alon^  wm 

'    t52,77:i,<XIO. 

Con  struct  it)  II,  iiiehidiug  in  large  nieat^ure  repairs,  was  most  aetki* 
duriijjj  the  past  few  years,  in  order  to  affonl  employment  in  famine^ 
strieken  regions.  The  demands  on  the  wat^r  st-ore<l  in  reservoirs  in 
the  semihuinid  portions  of  India— those  whieh  had  been  afQiclad 
with  drought  iind  eonsetpient  famine  during  the  laf^t  few  years — weri* 
gr**ater  than  ever  l>efore.  Some  of  the  more  notable  tanks  in  Bi>intmy 
antl  eential  India  wei*e  called  upon  to  do  their  highest  duty,  and  in 
eousetinence  many  of  those  pr<:>jeets  which  were  constructed  as  pro* 
teetive  works  an  el  were  never  anticipated  t-o  be  revenue  pp^Mjueiag 
have  recently  earned  moderate  net  revenues* 

rzr:i_"" 


I? 

11 
«'i 
)r 


h 
tv 
tv 


MM 
F- 

.lis. 


.•I.mI 


•  •in- 
.'in.i 

Mr. 


A 


/i 


^1.'     . 


i     . 

\    :. 

•A. 

> 

.■^  -'    ■''  '>  -,. 

V.  ' 

■.:..:  ?^".'*-.:  - 

■/ 

^  A  I  ( 

--/^    ■.  ■■••  A      I  ■NJ- •■■•''  )    - 


^-.^-7^: 


^i 


!     \  • 


u> 


'\4 


// 


.\  V 


//      /. 


IRRIGATION  IN  INDIA. 


By  Herbert  M.  Wiijson. 


INTRODUCTION. 

^The  principal  sources  from  whicli  tli<3  infonuatioii  in  tlieacooiiipanj'- 
**^  report,  was  obtained  were  (1)  conversation  withonpneers  in  chaif^fe 
^^  "Works  and  examination  of  tlieii*  office  material,  (2)  i)crs()nal  oxam- 
I^iation  of  the  works  themselves,  and  (3)  books  an<l  official  reports. 
Ill  the  following  narrative  I  will  end(»avor  to  sketch  hastily  the  route 
"titiveled  and  give  a  brief  outline  of  works  visite<l. 

Poraweek  before  my  departure  I  was  busily  engjiged  in  reading  all 
"Whe  books  and  reports  on  Indian  irrigation  procural)l(s  in  <)rd<*r  to  plan 
^he  trip  so  as  to  see  the  most  in  the  least  space  of  time,  for  I  had  l)ut 
five  months  for  the  entire  journey.  I  finally  decided  that  tln^  two 
months  sjientin  India  should  lie  devot^nl  to  the  northern  an<l  central 
portions,  and  the  route  was  planned  so  as  to  see  only  such  works  as 
"Were  within  easy  access  of  the  railway  lines. 

Through  the  cooperation  of  the  director  of  the  Unitvd  St^ites  Geo- 

t    logical  Survey  I  was  enabled  to  leaver  Washingt^ni  on  DecenilK>.r  1, 

I    1889,  well  equipped  with  letters  of  intro<luction  to  the  various  secre- 

f      laries  of  the  public  works  departments  of  India,  carrying  also  h»tt(>rs 

from  the  Secretary  of  State  to  our  diplomatic  and  consular  offic(M*s 

ftbroad.     In  New  York  letters  of  introduction  to  prominent  English 

engineers  were  obtained  from  the  secretary  of  thc^  American  Socit^ty  of 

Civil  Engineers  and  othei^s,  and  on  l)(icember  4 1  sailed  for  Liveri)ool. 

A  few  days  were  Bj)ent  in  L(mdon,  where,  through  the  courtesy  of 

Mr.  James  Forrest,  secretary  of  the  Institution  of  Civil  Engineers,  a 

number  of  letters  of  introduction  to  Indian  officials  were  obtained. 

From  London  I  proceeded  to  l^rindisi,  Ital}',  and  embarked  Decemlx^r 

30  for  Bombay,  arriving  tlnn-e  on  January  13,  ISOO. 

In  Bombay  I  called  upon  Mr.  W.  V,  lTug]i(\s,  se(*retary  to  gov(»rn- 
ment  for  the  irrigation  bran(»h  of  the  pul)lie  works  department,  and 
he  gave  me  letters  to  several  of  the  (^ngin(M»rs  in  the  liombay  Presi- 
dency, and  kindly  aid<Hl  me  in  so  arranging  my  touj*  in  that  presi- 
dency as  to  see  only  such  works  as  wen^  most  accessi])le.  From  Mr. 
W.  Gierke,  chief  enginecM*  of  th(»  Bombay  waterwoiks,  I  also  receivtul 
much  valuable  assistance  and  advi<M»,  and  on  January  18  I  proceeded 

W 


111  l*rM>iui  with  till*  iiitftntion  of  vlmtinj?  th**  Fifi»  n««i*rvo"(r.    In 
til»s^'n<H'  of  tlK*iOiIt^f  *MjjciH*n*r,  i'olnrit^l  Cm ik^^hnuk,  TL  hi,  Mr 

UXi.M»utiv(j  4*ii|jjiti*H*r  nf  t.lu*  Miitlm  t-aimlt*,  di*vnf4**l  Iwu  or  Uim.^ 
«howiii^^  uti*  ijvi*r  tint  wyrks  thidi^r  bi8  ehiirgu. 

We  dro\'e  from  PcKjtiii  to  Liikt>  Fife,  a  dls^tatic^  of  IC  miles  tip 
valley  of  tin*  Mtdhii  I£jv«5i\     The  nmd  heiv,  a&  every\vht*n*  m  I 
was  GKcelleni,  \yemg  well  mai^mlaiinzed  for  the  en t ire*  di^tanco. 
iKith  sides  were  well-eultivatcKl  fields,  the  prmcipftl  erupfi  irnjintbfrii 
stijpTHr  <*aiits  millet,  and  wheat,  and  the  eare  witli  whi(*Ji  the*  wiiirr 
a|i|»H4Hl  !o  those  crops  wan  the  ftrHt  olijeet  which  attraeli'^l  unrniuni 

I  lilsM)  obstvn Htil  that  Indian   peasants*  fully  appret»iHt<Ml  tJni  vului 
fc*rtiU/4*r«*     Th<^  eity  otlit'inlH  of  PiHitia  make  H  handhoiiH*  pmfH  umi 
nWy  by  n»mo\iTij^  f^^t'remenl  from  Dw  n.'sidc^iu.*c»  anit  mixing  it  wi 
ortUnary  «uil,  tho  wholo  btdng  sold  by  tho  carl  load  to  farmere. 

Lake  Fife  ia  a  large  artifi(4at  rtm*^rvoir,  formcKi  by  a  datn  thi 
<|uarterH  of  n  niile  h)n^  and  nearly  irwi  feet  in  height.  Tlie  wal«r 
baekcd  up  the  valley  foi  nearly  15  milei^,  and  the  avaiUhlf^  Htoi 
e^paolty  of  the  lake  ift  alwut  63^f)0()  aere-feetu  IIh*  Mtttlta  mmibail] 
Ink  en  froai  the  daiu  at  the  lowt^r  end  of  tlii*  lake,  otie  along:  th**ru!p 
HfitI  {\u:  other  on  ihe  Ud't-  bank  of  the  Mutlia  River*  The  ri^bt-tat 
canal  m  nearly  1(H)  milos  long  and  paBs^J^  ihrcaigli  the  city  of  I 
wliicli  it  supplies  wUh  water;  it  is  also  U!^t^d  in  irrigating  the  riili  lan^ 
lying  between  it  and  the  river.  The  leftd>ank  canal  ia  much  i^li lint's, 
and  alj^o  eontrols  a  large  area  of  valuable  land. 

Tlu*  t^ipography  of  the  Upper  Mutha  Valley"  seemed  very  familiar* 
Had  1  lKH*n  suddoTily  transported  in  my  sleep  to  nortlieastern  Ari7/»nA 
the  i^imilfirity  of  the  tojiogrnpliy  of  the  two  rej^^ions  eon  Id  not  hAv^ 
niort*  Htrikin)j:ly  impressed  me.  At.  Lake  Fife  the  Mutha  River  mak^ri 
itft  exit  thnm^^li  a  nnrrow  eaiiyon  similar  Ui  those  of  the  mesa  eoimlH" 
in  nortliern  Xrw  M*'xien  and  Arizrnia,  an<l  flows  thenee  through  i 
Ijmaxl  and  gent  ly  sloping  valley,  whii*li  gnidually  widens  till  it  becomes 
an  exteiisiv^e  plain.  Thesloi^e  from  tlie  bottom  of  the  stream  tow^cd 
the  surrounding:  hills  is  n.^guhir,  but  nitlier  steep,  and  snddeidy  termi 

I I  a  te.s  ati  t  h  e  f cm  >  t  c  j  f  <.'  1  i  lis  w  I  li  e  h  a  f<  ^  s  i  m  i  I  ii  v  in  1 1 1  e  i  r  a  1 1  r  u  ptne^%s  ami 
sharpness  of  outline  t^>  the  incsa  elifTs  of  our  Soutlivvest.  The  soil  in 
thn  ]\lullia  Vnliey  is  rather  shallow,  and  whenn^er  unenltivate<i  is 
covered  wUh  n  luw,  serubby  ^n-ass,  (lri*Ml  and  t)arehiHi  by  the  sun*  At 
the  canal  edge  tlie  ban'en  sU^pes^  are  suddenly  merge<l  into  endles* 
preen  and  welbeultivated  fields.  The  slopes  of  tlie  hills  are  ro(*kT 
and  Imrrou,  eovi^n-d  witfi  a  growth  of  Inw^  tn^es,  amnnij  whieh  bahol 
t>r  mesqnile  is  the  most  prominent. 

After  examining  Lake  Fife,  Mi*.  Rebsehand  myself  proceeded  down 
tlie  line  of  the  Mutha  eaiuil  and  followiMl  some  of  the  minor  <listribu- 
taries  througli  the  fields,  watching  their  ramifications,  until  we  reaehe<i 
the  smallest  private  diteh  use<l  in  irrigating  the  ci'ops.  The  eonstnic- 
tion  of  these  caiuils  is  similar  to  tliat  of  small  canals  in  tlie  L^nited 
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kt>es.  The  chief  feature  noticed  was  the  substantial  metlKKl  of  con- 
LOting  all  bridges,  head-gates,  and  other  regulators.  IIen»,  as  else- 
Xmere  in  India,  timber  is  seldom  used,  owing  to  its  cost  and  the  rapidity 
-fi.'fclx  which  it  is  destroyed  by  insects  and  rot.  All  bridges  on  this  canal 
V^e  constructed  of  masonry,  and  the  smallest  regulating  gates  consist 
E  masonry  passages  let  into  the  banks  of  the  canal  and  closed  with  iron 
l&titters.  The  system  of  distribution  of  the  water  is  very  complete 
tT'^Ty  square  foot  of  desirable  land  being  under  cultivat  ion. 
.  On  January  21  I  engaged  a  tonga,  a  sort;  of  dogcart,  drawn  l)y  a  team 
idt  ponies,  in  which  a  three  days' trip  to  Bhatgur  reservoir  and  the  Nira 
iHUials  was  made.  The  trip  to  Bhatgur  was  made  in  tlu*  night  in  order 
bo  avoid  the  heat.  The  road  is  macadamized  the  entire  distance,  and 
tafc  lined  on  each  side  with  a  double  row  of  trees,  which  furnish  a  dense 
■wad  agreeable  shade.  The  gradients  are  sufhciently  easy  for  a  rail- 
^^ay,  while  all  drainage  passages,  large  or  small,  are  ('rossed  by  masonry 
^3*«idge8.  In  order  to  avoid  excessive  grades  a  range  of  low  hills  about 
:^>URlfway  in  the  journey  is  pierced  by  a  tunnel  nearly  one- fourth  of  a 
-*>Clile  long.  This  tunnel  is  about  20  by  20  fe(^t  in  cross  section,  and  is 
^Sned  with  masonry  throughout. 

At  Bhatgur  I  was  met  by  Mr.  II.  Beale,  assistant  engineer  in  charge 
t construction  of  the  dam.  During  the  day  we  went  over  the  entire 
th  of  the  dam  and  viewed  all  the  works  of  construction.  It  was 
^ygood  fortune  to  see  the  Bhatgur  dam  when  it  was  al)out  two-tliirds 
Completed  and  while  the  construction  was  being  vigorousl}^  pushed.  I 
>ra8  thus  enabled  to  examine  with  care  the  details  not  only  of  the 
method  of  masonry  construction,  but  also  the  management  and  char- 
acter of  the  labor  employed. 

The  topography  above  the  Bhatgur  dam  is  very  similar  to  that  at 
Lake  Fife.  The  dam  is  construc^ted  on  a  modern  cross  section,  similar 
to  that  obtained  by  the  l^ouvier  or  the  Rankine  formula.  It  is  located 
in  a  rather  wide  part  of  the  river,  the  object  being  to  afford  sufhcient 
spillway  for  the  large  volume  of  water  which  comes  down  the  riv(»rin 
the  spring  floods.  Its  length  is  4,0G7  f(»et  and  its  greatest  lioight  is 
130  feet  above  the  foundations.  Th(»  river  at  this  point  is  snbj(»ct  to 
maximum  floods  of  50,000  second-feet.  This  r(\serv<)ir  is  used  as  a 
storaire  basin  to  supply  the*  Nira  canals,  which  are  tak(»n  from  the  Nira 
River  at  Vir,  a  point  20  miles  below  the  dam.  During  my  visit  to 
Bhatgur  1,500  laborei-s  were  employed  on  the  work  and  <*()mpleted 
about  5,(X)0  cubic  feet  of  rubble  and  concrete  masonry  per  day  and 
1,0<X)  cubic  feet  of  finished  dressed-rubble  facing.  Stom^  for  the  <*on- 
struction  of  the  dam  was  ([uarried  close  to  tin*  abut  iihmiIs,  and  kunkar, 
a  dirty  lime  which  produ<*es  a  very  good  hydraulie  cement ,  was  fouiKl 
within  a  short  distance?  of  the  <lain  site.  Saiul  was  ])roeun*d  from  the 
river  bed  and  charcoal  for  !)urning  was  obtainc^d  in  the  adjacent  hills. 
On  the  morning  of  the  22d  I  left  Hhatgar,  j)roe(»ediiig  by  tonga  to  Vir, 
the  head  of  the  Nira  canal,  where  I  was  met  by  Mr.  W.  II.  Le  Quesne, 
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nxeontivn  e^jpufi^r  in  ithar^  of  tli<^  Klra  fiyfttom.  The  next  two< 
werft  ?*pfiiit  in  limkin^^  over  tli<^  n*p<irt!*  Jii»*l  dol-aiUMl  fna|)s^  in  (lieoflcf^l 
in  itxuniiiiia^  tUt^  i^F^at  divt^nsiun  ywir  t%i  tlw  hi^iul  of  the  Kira  < 
uml  iw^imiting  tb«^  flrnt  I'J  ciileii  of  thti  latter,  Tht>  Vir  weir  b  < 
KtriiekKl  tIin>iigboiit  of  riiiR*iH't4.%  faeixcl  with  dr^seed-ralible  iiiiuiii>iitf] 
unci  m  ir,;i4<>  foet  in  lt»agih  nml  10  fwt^fr  in  greateBi  height  »btive 
river  bo<i*  A  fow  hunUriHi  yardw  iIown»tiM^Atti  is  a  aiili^idiiir)*  wpiq 
(iimilar  in  t*(m»triu*tion  to  tlit*  fii^t,  hut  anly  01^  ftM?t  loBtc  and  fX^  fei 
ill  liiMi^lil.  Til  in  low*:r  w*!ir  htieks  the  wittnr  ii[j  figamHt  thi^  t*it*  *if  tb 
iHip<*r  oti<%  thuK  pHHluoin^  siwaU?r  r^iifihion,  od  which  ih**  gi  Is- 

full  JiJiruilci^sly*     Th«  maxim uiij  ft fKid  over  thi»  weir  may  bi 
!HH!omJ-foi4,  when  the  wiitei"  will  be  ab4^ut  S  ft^et  in  depth  on  thei 
of  the  main  wiur.     Our  trip  ilf*wn  thf*  vnmil  wjis  mmle  in  a  rowb 
and  we  were  thus  enabk^d  to  exauiine  sevi?ral  lu luetiuctHainl  ii  Ki| 
on  tiie  way.     Thf  first  10  mile!>»of  the  canal  ttn^fordiv*^rMion  Hueun^ 
lif*in^  retiuireti  in  makinfj  grade  to  gt4  ihe  C4iniil  mit  of  the  ron fillip 
biiuk»  of  tht*  Kira  liiver.     At  Hiw>ut  tiie  tonth  mile  the  timt  dbUil] 
tary  l^  taken  oft  to  the  irritable  landa. 

t>n  JaTituirv  -''H  lt*ft  Vir  for  Ltmand,  where  I  t*x>k  the  tmfl 
ruouH.  'Jlii.H  Iripi^t  oue  of  the  most  interesting  in  India,  tlii?  roil 
patti^ing  through  the  t^lebmt-etl  ithore  Ghauts,  a  range  of  rugged,  hiaffl 
!  1  i  1  Is  w li i idi  I m?a k  ilown  1 1 ree i pi t a tel y  to  t) le  western  CK^otiii *  The  stui 
mit  of  these  Giiauts  forms  tile  edge  and  top  of  the  great  interior  pl| 
teati  of  the  Deccmn*  The  seenery  along  the  entire  d^^cent  is  mintki 
in  every  reaped  to  that  eafcit  of  the  line  of  the  Southern  Pacific  Rail 
road  near  Red  BluJT.  The  nmd  runs  with  lieavy  grades  nnd  »hs^ 
(*xirvvH  along  tlu*  t*dgcs  at  ijearly  vcilical  trap  cliffs,  in  a  place  thatii 
almost  any  other  country  wuuld  be  considered  quite  impi-netie^blefo 
rn  i  1  wi  iy  c(  n  i  st  r  u  <  *  t  i  on .  'i'h  e  v  x  pe  r » t^e  o  f  s  1 1  ch  a  1  i  n  e  i  n  1 1 1  e  U  n  i  ted  State 
wf  HI  hi  exceed  $  KM  >,Onij  per  mile.  Owing  to  the  very  liea\'^'  rainfall 
whieii  uverage>*  i?50  inelie.s  per  annum,  t.lie  greatest  precautions  hav 
been  taken  for  the  passage  of  all  drainage  lines,  Xumero us  viaduct 
are  crossed  in  rapid  siiccr.s.siou,  the  frO(juency  of  their  recurrviit' 
being  rivaled  only  by  tliat  of  tluMuany  tunnels,  there  being  .*{.']  of  t lies 
in  a  few  miles. 

I  lia<l  been  very  desirous  of  making  a  visit  to  the  eidebrateil  Tans 
reservoir,  iu»ar  Bombay,  in  tlie  eoni])aiiy  of  Mr.  Gierke,  the  chief  eug 
neer,  and  on  arriving  in  Bombay,  on  the  24th,  I  found  lie  liad  arrange 
a  trip  with  the  goveinor  of  Bombay,  f.ord  Beay,  a  few  of  the  munieipf 
ofhcers,  tlie  governoi's  stafT,  Mr.  Baldwin  Latham,  iind  myself.  ^^ 
left  by  special  Irain  on  the  evening  of  the  24th,  arriving  at  Atgoano 
the  following  morning.  From  Atgoan  wc  had  a  plea^sant  tonga  tri 
of  7  miles  lo  the  sile  of  the  Tansa  dam.  Here  I  was  «as  fortunate  f 
at  Bhatgui".  I  found  the  great  dam  moie  than  half  conii)leted  an 
construction  being  vigorously  j)uslie<l.  Two  days  were  si>ent  i 
insi)ectiiig  the  works,  which  consist  mainly  of  an   enormous  rubbt 
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Knasoniy  dam  9,350  feet  in  length.  When  completed  it  will  be  145 
bet  in  maximum  height.  This  dam  is  intended  to  furnish  water  for 
Uie  city  of  Bombay.  The  rock  for  its  construction  is  quarried  at  the 
dam  sit«,  but  kunkar,  for  the  production  of  cement,  has  to  \>e  brought 
long  distances  by  rail  or  road  cart.  The  aqueduct  line,  which  (tarries 
Qie  water  to  the  city  of  Bombay,  is  partly  in  tunnel,  partly  in  masonry 
conduit,  i)artly  in  iron  pipes.  It  has  seven  invert^^d  siphous  crossing 
Irainage  valleys,  the  greatest  being  11^  miles  in  length. 

On  January  28 1  left  Bombay  for  Calcutta,  a  distance  of  about  1 ,200 
miles.  This  trip  was  full  of  interest.  During  the  early  part  of  the 
Irst  day  the  Thule  Ghauts  were  ascended,  the  difficulties  of  construc- 
aon  being  quite  equal  to  those  on  the  line  between  Poona  and  Bombay. 
Etailway  travel  in  India,  while  inferior  in  comforts  to  the  United  States, 
s  still  decidedly  superior  to  European  modes  of  making  lengthy  trips. 
rhe  cars,  like  those  on  European  railways,  are  short,  and  on  only  a 
tew  are  bogie  trucks  used.  These  latter,  however,  are  rapidly  fmd- 
ng  favor,  and  at  no  distant  day  will  be  universally  employtKl  on  the 
[ndian  railways.  Each  compartment,  of  which  there  are  two  in  every 
irst  and  second  class  carriage,  will  hold  from  five  to  six  persons.  The 
leats  are  placed  lengthwise  of  the  train  and  are  well  cushioned. 
Fhere  is  a  hanging  seat  or  bed  suspended  from  the  roof,  similar  to 
ihoBO  seen  in  an  American  immigrant  car.  This  can  be  lowered  at 
light  and  used  as  a  berth.  Each  passenger  must  carry  his  own 
ledding,  which  in  that  warm  climate  consists  of  nothing  more  than  a 
>lanket  and  a  pillow,  and  spreading  these  on  the  seats  or  hanging 
Mds  he  can  pass  a  comfortable  night  on  the  road.  In  the  center  of 
be  car,  between  the  two  compartments,  is  a  small  closet  and  toilet 
room.  A  table  may  be  set  up  in  the  center  of  each  compartment  on 
irhich  to  spread  lunches.  Men  and  women  are  never  permitted  to 
zavel  in  the  same  compartment.  Good  meal  stations  are  placed  at 
5onvenient  intervals  on  all  lines  of  railway,  and  ample  time  is  given 
'or  eating. 

The  main  portion  of  central  India  lying  between  Bom])ay  and  the 
xangetan  Plain  is  rather  sparsely  inhabited.  The  region  is  (»levated 
ind  consists  of  uneven,  rolling  country,  similar  to  that  along  the 
jouthem  New  Jersey  coast  or  in  the  wooded  districts  of  IMissouri  and 
[ndiana.  A  dense  growth  of  jungle,  consisting  of  low  trees,  mosquite, 
;eak,  etc.,  with  an  undergrowth  of  tall,  stiff  jungle  grass  from  5  to  10 
*eet  in  height,  covers  the  entire  country.  The  streams  draining  this 
irea  are,  during  the  dry  season,  but  little  rills,  flowing  through  very 
>road,  wide,  sandy  beds,  that  serve  to  indicate  the  enormous  size  these 
•ivers  attain  during  the  flood  season.  There  is  little  irrigation  prac- 
ticed in  this  region.  In  some  sections  moderate  areas  are  irrigated  from 
*anks  of  various  sizes.  The  sloping  hillsides  are  terraced,  like  those 
)f  Japan  and  China,  ])y  the  construction  of  embankments.  These 
)roduce  level  benches,  where  the  flood  water  is  held  back  sufficiently 
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CPk  Ikft  tut  I  mOtd  M  €9L  J.  M  MrK«iU,  R.  K,  the  tm^laty  for 
of  tte  pQliBe  wwb  «l«iwrtneiit  iif  Bi'niist  Wtlh  hhn  I 
It  ot  mr  tour  Ihnjogli  hui  presidency,  lUid 
from  him  Ifgggrgd  letters  t^f  tntn:«lot*tkin  U»  ht^  varifms  ex  fixative 
eogiiiHers,  CoSntif^l  McKelU  kimllT  tf  legraptieil  taHr.  K.  B.  HtirkleY, 
t4Q|w*Hf]i#^iidici^  en^:iii€»€r  of  the  Soaiie  eanab^  t*>aJTaiigi*  a  Iia^ty  trip 
iii^i^r  hb*  t**muir\%  uml  im  th*?  foUawiiig  day  I  reaurhtMi  Arrab,  where  t 
fill  I M  tijwm  Mr.  Bo/'klr?y.  That  day  was  spoilt  in  e^Laminin^  the  mafB 
iIimJ  tyf^iH*  r^^cird-?*  of  the  Soane  can**ib,  and  on  the  following  morning 
r  **#?!  #mt  iiti  a  totir  nf  iitiipeetioii.     Mr.  l^nekley  kindly  pliM*tHl  at  my 

•  ji.-^j^iriiti  iji.-^  <:rtii(ti  >i»-iiiJi»^-i   Iv'f'frtf.  on  t\'hica  I  liitrU  iuT  (iiiif  «.iit  >  >.  i»uu 

Mr.  Biu-klf*y  also  t**le[)h<»nfMl  «)ver  tht*  canal  lines,  arranirin*i:  for  vari- 
ous r-n^fi neers  to  nie«-t  ine  and  show  me  various  points  of  interest. 

I  started  early  in  the  inornin;^  of  February  -,  and  steamed  up  the 
eanal  a^^ainst  thf  current  at  the  rate  of  about  8  miles  an  hour.  The 
rate  of  travel  was  rather  slow,  owin.i:  to  the  veloeity  of  the  stream 
and  to  tlic  ^rcat  iiuni}>er  of  locks  whicli  had  to  be  passed.  At  Arrali 
the  eanal  is  80  feet  wide  at  bottom,  about  !»  feet  deep,  and  diseharges 
about  2,000  second-feet  of  water.  Fnun  tliere  to  the  headwaters  at 
I>chr(M-,  a  distance  of  Go  miles,  the  Arrah  braneh  follows  the  general 
direction  of  the  Soane  River  on  its  western  side,  gradually  inereasinir 
in  width  toward  tl.(;  head,  where  it  is  180  feet  wide  at  bottom,  l>  feet 
fhM'p,  and  discluu-ges  about  4,'iOO  s<H*ond-f(M't. 

Ah  Nasregunge,  a  large  village  midway  between  Arrah  and  Dehree, 
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E  was  met  by  Mr.  Inglis,  the  executive  engineer  of  the  Arrah  canal, 
«rho  showed  me  the  heads  of  some  of  the  distributaries,  the  escapes, 
BHid  also  the  mode  of  applying  the  water  to  the  fields.  1  reached 
Dehree  at  8  o'clock  on  the  following  morning.  During  the  absence 
of  the  executive  engineer  in  charge  of  the  head  works  at  Dehree,  I 
^v'as  met  by  Mr.  Williamson,  the  overseer  of  the  shops  at  that  point, 
^•'ho  spent  the  day  explaining  the  various  works.  These  are  of  the 
most  interesting  and  important  nature,  and  consist  of  the  great  weir 
scross  the  Soane  River,  2f  miles  long  and  14  feet  in  height,  of  the 
scouring  sluices  and  regulators  at  the  heads  of  the  canals  at  each  end, 
mnd  of  the  general  machine  shops  for  the  construction  and  repair  of 
engines,  dredges,  and  other  metal  works  used  on  the  canal  sysU^ni. 
The  Soane  River  was  then  very  low,  scarcely  discharging  more  water 
than  was  required  to  fill  the  main  eastern  and  western  canals. 
Thanks  to  this  fact,  I  was  enabled  to  watch  the  oi>erations  of  tlie  auto- 
matic sluice  gates,  which  were  lowered  and  raised  for  my  inspection. 

From  Dehree  I  proceeded  again  by  steamer  down  the  Buxar  branch 
of  the  main  western  canal,  passing  through  immense  fields  of  grains 
and  vegetables,  where  but  a  few  years  before  had  been  but  a  desert 
waste.  One  work  of  particular  note  passed  was  the  Kao  Nulla  siphcm 
aqueduct,  whereby  the  canal  is  carried  over  the  bed  of  the  Kao  Tor- 
rent and  the  latter  in  a  semisiphon  is  passed  under  the  aqueduct.  A 
little  farther  on  was  a  similar  work  by  which  the  cmnal  is  carried  in 
an  aqueduct  over  the  Thora  Nulla.  In  the  evening  I  arrived  at  the 
town  of  Bnxar,  where  I  met  Mr.  Horn,  the  executive  engineer  of  the 
Buxar  branch,  and  left  the  same  night  for  Allahabad. 

During  the  trip  along  the  Soane  canals  many  interesting  scenes 
were  noticed.  Numerous  canal  boats  loaded  with  grain  or  stone  were 
passed.  These  were  being  taken  to  the  railway  or  floated  out  on  the 
Ganges  River,  whence  they  made  the  trip  to  Calcutta.  The  boats  are 
I)eculiarly  shaped,  being  higher  at  the  stern  than  at  the  bow,  varying 
from  15  to  25  feet  in  length,  and  having  a  width  of  about  10  feet.  In 
the  center  is  erected  a  pole,  perhaps  12  feet  in  height,  to  Avhich  are 
attached  numerous  light  strings,  and  each  of  these  is  drawn  by  a 
native  on  the  towpath.  On  these  canals  it  is  not  unusual  to  see  ten  or 
more  men  towing  one  boat. 

The  important  roads  cross  the  canal  by  means  of  well-constructed 
masonry  or  iron  bridges.  A  peculiar  accident  has  occniTcd  to  many 
of  the  masonry  bridges,  as  the  pressure  of  the  earth  embank nienfs 
behind  the  abutments  causes  them  to  act  as  retaining  walls.  The 
pressure  has  in  several  cases  caused  the  arches  to  spring  upward  at 
the  center  or  key,  leaving  a  slight  crack  on  top.  These  bridges  have 
been  constructed  strong  enough  to  perform  their  duties  as  bridges, 
but  are  not  sufficiently  strong  to  act  as  retaining  Avails. 

The  smaller  roads  and  footpaths  terminate  at  the  canal  banks,  where 
catamaran-shaped  ferryboats  are  used  to  cross  the  canal,  l^hese 
IBB  87—03 2 
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hohtH  a n?  lui  I q  1 1 e  i n  coiifit ruetloti .  Each  {ion ioan  m  eom  po^td  or  ri n 
shec^  irtm  iiad  m  2  fei4  wide  by  2  fc?et  det^p  utid  l-^  f^eet  in  Iti 
Biitwi^ui  tlm  two  18  mipporte<i  a  wcHKlea  d^K^k  »>  fe^^t  wide,  f^ufScM 
larift'  Mj  <^tirry  tin*  ortlUiary  two-wh«*<*l#Hl  hitllock  cart  with  it*  t4 
A  elmiti  \a  liiid  front  on**  hank  i>f  tlto  enual  to  the  other,  lonf?  €4ii 
to  ri5Ht  (lit  tint  lH>tt.om  lit  thi^  ^ri^iial^  m.»  m^  iioi to  tiiitMHio  t rnf^c,  audi 
ing  thmi]|t;h  a  riiij^  on  f  h<*  di?ek  of  the  fttrrylnml*  By  iitiUin^  on 
chaiD  tht^  o<3CMipHnl4*  nr^  luiahfr^d  l4>  drnw  (h«  \nml  m:Tt>m  the  <;ra 

The"  eatial  hank^^  artj  lliied  throiighfiut  with  plantations  of  irmsi 
property  of  the  uauaL  government.  These  art!  cut  and  nold  «b1 
aeeia  df^niralile  to  the  eanal  oMc*erM«  all  trees  thua  re  moved  1i 
r<?plA<H*d  hy  young  ^rowthft.  Amoni?  llie  more  asQat  trees  am 
j«iH«44Ki,  8o  mo  what  like  the  t.aak  iti  general  eharat^ti^r,  and  iisBd  inJ 
iHmHtritc^lioii  of  funuturi^  f-art-w,  i»U'.,  t)ie  nal,  aii*o  iiaexl  for  furiil| 
and  ftiol,  sotm*  mani;nt\Ht  ami  .HOTiit«  nll:^H4}uiU^ 

Owinu  to  the  low  volocity*  about  II  fe»*t^  pt*r  Hi.*cond,  which  it  is 
emaary  to  give  the  navigable  hninehon,  eoni^iderahliv  dojio^ita  al 
accumulate  near  thmr  head^,  and  lower  <lowii,  w  tie  re  the 
dearer,  reedn  and  nmhes  Hue  the  hHnk8  well  out  t4>WHtxl  the  inldi^ 
the  KtJf^aui.  Large  steam  dred*;<^  are  kept  at  work  on  th«  upper  fl 
of  tlit^  Soane  canals,  giving  them  much  thi*  ai>p>earanaG  of  the  S 
Cannl.  Tht*H*>  drodgei*  havn  mostly  Ix^m  eonstructM  at  the  shv^ 
Dchrt^%  nnd  arc  of  irtjii  thniugliout,  ^u^  aro  alf^i  the  t^sows.  Id 
»team  pusseni^er  lx)at??  ply  on  the  main  cfanaLs,  slopping  at  the  van 
villager  lining  their  banks  and  terminating  their  runs  at  the  rail^ 
These  l>oats  ai*e  (crowded  with  petjple,  which  iudieat^a  a  profits 
passenger  traffic, 

AinfPiig  the  moist  IntereMing  aeenes  obm^rved  were  the  enonu 
crowds  t»f  pilgrims,  afoot,  on  camels,  or  on  bullocks.  These  pilgi 
make  jcmnieys  between  distant  shrines,  oftieD  occupying  six  moi 
in  the  longer  trips.  Each  elevot4*e  carries  a  pole  across  his  back,  f 
tht*  etul^  uf  which  are  jswnng  the  few  necessaries  of  fix>d  and  cloth 

The  locks  along  tlie  canal  are  substantially  construct*^d  of  b 
masonry,  stmit^times  singly  and  some  times  in  paii*s,  and  averagi 
their  lift  fmni  7  to  13  feeL  These  locks  are  sufficiently  long  and^ 
to  accomnjodati^  the  big  p;issenger  steanHM's,  lieside  and  around 
locki^  is  always  tMinHtrueted  a  waste  weir  and  channel  through  wl 
tlie  gi\mtcr  part  u(  the  diseliMrgt*  of  the  canal  used  in  irrigation 
not  required  in  o[)(M"Htirig  the  lock  is  passed.  In  this  channel  is 
esaarily  a  liigh  fall  with  u  drop  equal  to  that  of  the  lock.  This 
is  built  of  the  mtist  substantial  masonry  in  onler  to  withstand  the 
eausi^l  hy  the  great  hmly  of  water  passing  over  it. 

Un  February  5  I  arrived  at  Allahalia^l,  the  capital  of  the  Northi 
Provinces  and  Oudh,  where,  during  the  absence  of  the  chief  engii 
and  sccn*tary  for  govfunment,  t'ol.  (t.  T.  Skipwort.h,  R.  K,,  I  wasi 
cum*teoutily  treated  by  Mr.  IL  W.  (.■unduittj  the  office  assistant. 
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gave  me  some  official  reporin  aud  loiters  to  eii^iiUMM-s  in  the  iiorthwest 
and  arranged  for  a  visit  to  the  Betwa,  (Tangos,  and  other  canals  by 
writing  to  the  executive  engineers  in  charge,  informing  them  of  my 
approaching  visit  and  requesting  them  to  render  suc^h  assistance  as 
might  be  required.  On  the  same  day  I  proceeded  to  Orai,  wliere  I 
was  met  by  Mr.  W.  P.  Vender  Ilorst,  the  executive  (»ngineer  of  the 
Betwa  canal.  The  6th  was  spent  in  examining  the  ofli<H»  n^fonls  and 
maps  and  making  such  not<)s  and  tra<nngs  as  wen*  <le<Mned  necessary. 
On  the  same  evening  we  left  by  rail  for  C'hirgaoii,  whence  a  slioit  longa 
ride  took  us  to  Paricha,  the  head  of  the  Betwa  canal  and  the  great 
Betwa  reservoir. 

The  Betwa  reservoir  is  constructe<l  in  the  chann(»l  of  tlic  Bc^twa 
River  where  it  emerges  from  the  Northern  (Jhauts.  The  weir  is 
located  in  a  rather  wide  part  of  the  river  l)ed,  crossing  i\w  sinwin  in  an 
irregular  line,  abutting  in  (me  place  on  a  large  island  and  at  another 
on  a  broad  rock  in  the  middle  of  the  river.  Tin*  total  l<*ngth  of  this 
weir,  including  the  islands  on  which  it  abuts,  is  about  4,:U^)  feet,  and 
its  greatest  height  in  the  middle  of  the  channel  is  00  feet.  Tin*  cut  in* 
dam  acts  as  an  overflow  weir,  in  onler  to  give  sutVicicnt  wastcway  to 
the  enormous  flood  of  750,000  second-feet  which  may  pass  over  it. 
Snch  a  flood  would  bank  17  feet  deep  over  the  crest  of  the  weir.  In 
order  to  withstand  the  shock  of  this  body  of  falling  water  two  small 
subsidiary  weirs  have  been  constructed  in  the  channel  bidow  the 
deepest  portions  of  the  weir,  thus  giving  a  water  cushion  on  which 
the  maximum  height  of  the  overfall  is  2H  feet.  The  net  st^)rage 
capacity  of  this  reservoir  available  for  irrigation  purjioscs  is  nearly 
37,000  acre-feet. 

The  canal  system  heading  immediately  above  the  dam  controls  an 
area  of  about  950,000  acres,  of  which  about  400,000  is  excellent  arable 
land.  The  balance  is  very  jwor  and  barren.  This  area  of  irrigable 
land  is  included  between  the  Betwa,  Pahug,  and  Jumna  rivers,  and  at 
present  about  135,000  acres  are  irrigated  by  the  canal  syst(*ni.  The 
flushing  sluices  on  the  end  of  the  weir  adjacent  to  tlu>  canal  hca<l  and 
the  regulators  at  the  canal  head  are  of  great  interest,  owing  to  tiic 
pressure  of  nearly  60  feet  under  which  th(*  gates  an^  operatcnl. 

From  Paricha  I  proceeded  by  rail  to  Agra,  and  on  F(*])ruai y  '>  went 
to  Narora,  where  are  located  the  head  works  of  t  he  Low(*r  ( iangcs  canal. 
In  order  to  reach  Narora  it  was  necessary  to  go  ])y  rail  to  Aligarh, 
where  a  couple  of  hours  were  agreeably  spent.  From  Aligarh  I  went 
by  rail  to  Rajghat,  which  station  was  reached  late  in  the  evening. 
There,  thanks  to  the  thoughtf ulness  of  Mr.  K.  A.  Carswell,  tin*  execu- 
tive engineer  in  charge  of  the  Narora  works,  I  was  met  ])y  a  hand  car 
or  trolley,  in  which  I  was  pushed  by  natives  T)  miles  to  the*  bungalow 
at  Narora,  where  the  following  night  and  day  w(Me  s[)ent.  I  was 
received  by  Mr.  Carswell  with  the  s^mie  hosj)itality  that  had  been 
aooorded  me  by  all  the  other  oflicials  with  whom  1  had  come  in  con- 
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UhcL  Tile  larger  part  f>f  that  evenings  and  the  next  daj  were  spenl 
in  examiniii|;[  th«  oflice  reports  and  maps  and  examiniiig  the  head* 
workn  and  the  river  training  system  of  the  Lower  Gan^ea  eiimil 
Thesfi  head-work^  consist  of  a  great  weir  4,135  feet  in  total  length, 
3,700  feet  of  whioh  are  eom posed  of  an  overfall  weir  14  feet  in  hei^hl 
above  the  foundation,  315  feet  consiating  of  sluice  gates  adjacent  lo 
tlie  head  of  the  canaL  The  head  of  the  canal  adjacent  to  the  end  of 
the  weir  consisted  of  3t>  regulating  gates,  each  7^  by  11|  feet  in  the 
clear.  The  maxim uni  fliMxl  coming  down  the  Ganges  which  uxblj  pi» 
over  this  weir  may  Iki  an  great  as  230,(X)0  second-feet. 

The  river  training  works  are  interesting  and  ext^snsive.  They  are 
tieoessitat^d  by  the  low  charact^ir  of  the  river  I  bottom,  in  which  the 
canal  is* constructed  for  some  miles  before  its  diversion  line  geteotitof 
tiio  botlyoiii  and  roaches  the  summit  of  the  bluff.  Whero  the^e  lK>tiaiii 
hinds  are  travei-sed  the  river  is  apt  t^o  change  its  channel,  and  if  not 
conti'olletl  would  cut  it-s  banksj  thus  destroying  the  canal.  The  rega 
lating  works  are  carried  for  4  miles  above  the  head  of  the  ejinal  and 
15  miles  below  it,  and  consist  of  long  earthen  embankments  or  groynt*, 
which  jut  straight  out  into  the  river  channel  at  right  angles  to  ita 
course  and  are  protected  on  their  ends  by  rock  paving  and  n>ck  no&m. 
Sixteen  miles  below  the  Narora  weir  the  Lower  Ganges  canal  erossei 
the  great  Kali  Nadi  Torrent,  wliich  in  time  of  floods  becomes  an  eno? 
R10US  river.  The  canal  is  etirried  across  this  torrent  on  an  aqueduct 
which  provides  water  way  for  a  flood  of  130,000  second-feet.  The  ] 
channel  of  the  canal  on  the  top  of  the  aqueduct  is  130  feet  wide  and 
7  feet  deep.  Previous  \u  1SR5  there  was  in  this  place  a  short  aqueduct 
calculaltid  to  pass  a  flooil  of  30,1  M.)0  second-feet;  but  in  that  year  it  was 
destroyed  by  mii  iiui>reccdented  flood  of  nearly  130,<X>0  second-feet^ 
and  has  since  been  entirely  remmleled  and  reconstructed. 

On  Ftdjruary  121  left  Nnrora  for  Lahore,  the  capital  of  the  provinoe 
of  Funjal).  In  the  absentee  of  Col.  F.  J-  Home,  R.  E.,  the  chief  engi* 
uoer  lor  irrigation  in  the  Punjab,  I  presented  my  letters  of  introduc- 
tion to  Mr  Cockhorii,  the  oi!iee  fisaistant,  who  had  been  instructed  by 
t'(»lonel  Ibjuie,  hi  anticipation  of  my  arrival,  to  furnish  what  aid  he 
could.  In  the  Punjab  I  was  less  fortunate  than  elsewhere.  The 
Avorks  of  that  region  are  among  the  greatest  and  most  interesting  in 
India.  I  reached  there  in  the  midst  of  the  busiest  part  of  the  field 
season.  Most  of  the  engineers  were  far  out  of  reach  of  railways  or 
other  convenient  modes  of  travel,  in  charge  of  the  construction  of 
works,  and  as  time  was  limited  it  was  impossible  to  go  far  out  of  the 
way  to  meet  them.  Accordingly,  I  decided  not  to  visit  the  works  of 
the  Western  Jumna  nor  the  Bari  Doab  canals,  but  to  devote  the 
remaining  time  to  a  thorough  inspection  of  the  Sirhind  canals,  which 
are  the  most  modern  and  perhaps  the  most  interesting  of  any  of  the 
canals  of  Indiii.    * 

I  at  once  proceeded  to  Amrister  in  hope  of  meeting  Major  Ottley, 
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R.  E.,  the  supervising  engineer,  from  whom  I  expected  information 
and  assistance  in  the  trip.  Here,  again,  I  was  disappointed,  and  found 
no  one  who  could  give  assistance  or  advice  as  how  to  visit  them  best. 
Accordingly  I  decided  to  go  to  Lndhiana,  the  nearest  railway  point  to 
the  canal.  I  reached  there  on  February  14  and  called  on  Mr.  J. 
Dempster,  executive  engineer  in  charge  of  the  Sirhind  canals.  I  did 
not  receive  much  encouragement  from  Mr.  Dempster,  as  he  said  that 
owing  to  not  having  been  previously  advised  of  the  trip  and  the  short- 
ness of  the  time  it  would  be  nearly  impossible  to  arrange  conveniently 
to  show  me  the  canals.  From  Ludhiana  to  Rupar,  wlu^rci  the  head- 
works  of  the  oiinal  are,  is  a  distance  of  about  00  miles,  and  to  make 
this  trip  it  would  be  necessary  to  engage  an  elephant  and  to  procure 
the  necessary  traveling  outfit.  As  I  did  not  know  where  to  find  these, 
and  Mr.  Dempster  was  apparently  too  busy  to  aid  in  the  seareli,  I 
reluctantly  abandoned  the  journey,  and  on  the  same  day  left  by  train 
to  visit  the  Ganges  canal. 

Next  morning,  February  15, 1  reached  Roorkee,  where  I  found  that 
Mr.  M.  King,  executive  engineer,  had  made  elalx)rate  preparations  for 
the  trip  over  the  line  of  the  canal.  I  also  found  Col.  (t.  T.  Skipworth, 
R.  E.,  chief  engineer  of  the  Northwest  Provinces  and  socretaiy  to 
government,  and  Mr.  W.  J.  Wilson,  his  assistant  secretiiry.  They  had 
made  preparations  for  the  annual  inspection  of  the  lines  of  the  canal, 
bnt  as  they  would  not  be  prepared  to  set  out  on  their  trij)  for  a  few 
days,  Mr.  King  had  arranged  to  take  me  to  the  head-works  and  return 
to  Roorkee  in  time  to  accompany  the  inspecting  party.  A  portion  of 
the  15th  was  spent  in  examining  the  office  records  and  maps,  and  early 
on  the  following  morning  Mr.  King  and  I  set  out  on  a  tonga  drive 
along  the  banks  of  the  canal  bound  for  Hardwar,  where  are  situated 
the  head-works.  Owing  to  the  heat,  though  the  distan(*e  was  but  20 
miles,  two  relays  of  horses  had  been  sent  out  to  hasten  the  journey. 
Two  heavy  bullock  carts  laden  with  camp  equipage,  etc.,  and  an  ele- 
phant which  would  be  required  in  making  journeys  away  from  beat(»n 
roads,  had  also  been  previously  forwarded  to  Hardwar.  In  the  coui*se 
of  the  drive  along  the  canal  banks  we  had  an  ex(^ellent  opportunity 
for  investigating  the  level  crossing  of  the  Rutmoo  Torrent  at  Dhanowri. 
We  also  examined  the  great  aqueduct  by  which  the  Ganges  canal  is 
carried  across  the  Solani  Valley  and  the  superpassages  wliich  conduct 
the  waters  of  the  Puthri  and  Ranii)ur  torrents  over  tlu*  (Tang<\s  canal. 
These  works  were  also  examined  on  the  return  trip  to  Roorkee,  when 
I  was  enabled  to  observe  other  points  of  int<3rest  Ihat  liud  e8cai)e(l 
notice  on  the  first  inspection. 

We  spent  the  night  at  Hardwar  and  on  the  followin^i^  day  set  out  on 
the  elephant  to  examine  the  various  river  training  and  re^jiilatinjj: 
works,  whereby  the  greater  part  of  the  Avater  of  the  (4an^n\s  lliver  is 
gnided  into  the  Hardwar  channel,  from  which  it  is  divortcMl  into  the 
canal.     These  training  and  regulating  works  oxWwii  l^.>v  ^  v\\'sVvv\\^v\  v^V 
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■IremI  mtleti  abc»ve  iianlwiir  ami  nn*'  tiniqtir  from  the  Tael  iliiil<  line 
mpply  of  wBler  b^in^  at  all  iitn^  abuiidiiiii  for  ttxt  4]i«inati4L»  uf  tbe 
dmaLt  m»  pertnaneiit  liaiu  han  t»een  thrnwn  iictxj«i«>  the  rrvi>r.    The  M 
of  Uif!  Hver  is  liei^  tifoken  tap  into  i$eTeml  cttann^lti  ant]  m  Tety  wiik^ 
hut  1f3'  mtsaoji  of  a  row  of  three  temiwrary  datns  coti9tniPte<l  of  bowt 
dem  the  majority  of  the  water  i»  tuni«.'fl  into  the  Umntwar  ctLttnnd. 
Tlietie  bemporaiy  damss  it  has  been  found,  eaii  bt?  morp  cbi^ply  recnii 
mrtli^bml  annitnlly  afier  their  dcfUrQctlon  by  lUe  reg^alar  floods^  ttum  i 
l^ri'jit  {R*rfriiiiM*nt  wt^lreaiild  be  Imilt  hafxxm  the  entire  chaiiQeL   Abotf 
ilml4*tn]iiiniry  tiowlder da tni^ a  permanent  lujtfmnry  wait  Ua.s  lieiuii^ti^ 
liilirttet^l  on  tmv  ntiiiur  ehatiti«U  baiides a  enrlesi  of  iM'^rttiiifietil  bovUi^ 
p|toDbaaknieat«  and  bans  ^tio  hitter  to  prevent  the  nd.nigTiMdllll*a( 
j^radea,     <4txiinti  and  oihi^r  tniinin>;  work;*  ^>  t^nimv  tiip  main  UtH} 
of  w»ter  to  the  Hard  war  chiinneL  that  during  iimE.^21  of  ^reati^^  fliial, 
when  all  of  thene  worka  are  Habmerged,  Httle  or  no  daiiiii|;e  Is  done  In 
thi*  |M*nij;iu»*neyof  iliifi  c-hanneL     At  iljapor,  the  heail  of  the  Gao^i>!^ 
eanal^  Ik^Iow  tko  1  raining  workt^,  a  iiermanent  weir  with  the  mu^ 
ieotirjug  Mhtiee^^  has  brn^n  thrown  m^svm  the  Hafilwjlr  uhaimd,  ihu> 
training  the  vf-dUsr  into  the  regnlAf itr  at  the  head  of  Iht^  ifunfil, 

(In  ihi^  following  morning  we  oontitituxl  our  iiL»peetion  of  clie  beaii- 
worka  and  in  the  afternoon  returned  to  Iloorkoe*  The  ISth  w&aifp&ut 
at  Eoorkee  in  aTiBit  to  the  Thomaaon  College  of  C'lvU  Engliieerii||i 
whert^  Colonel  Brauflreth,  the  prenident^  klttdly  iihowed  me  over  Ibt 
building  and  furnished  numerous  Trainable  reporta  and  other  fn^D^ 
mat  ill  It. 

On  Fuhrnary  20  I  reached  Okhla,  near  Delhi,  at  which  place  Ait 
aituatiMJ  the  liead-wurkft  of  the  Agra  canaL  Here,  thanki^  to  the  kind- 
ne«a  of  Culonei  Crufton,  superintending  engineer,  who  had  writteD 
from  H4>oi'kpe  uf  the  inU>nd(^d  visit,  I  was  met  by  Mr,  C,  O.  Palmer, 
the  ext^'Litive  (^a^iueer  of  the  Agra  canal,  with  whom  I  visited  the 
works  untJer  his  <'liarge.  The  head-works  of  this  canal  consist  of  a 
low  wt*ir  10  feet  in  height  and  2,573  feet  in  length  from  the  right  bant, 
th^^  left  wing  reistiiig  on  an  island  in  the  middle  of  the  river.  Win;:^ 
and  heavy  earth  em  ban  km  en  ts,  20  feet  wide  on  top,  are  carried  acn's^ 
the  island  and  the  e^»i  channel  and  thence  up  the  left  hank  to  the 
railway  hridgi^  h1  Delhi. 

Tliif*  t^Hiod  receives  in*  Mater  ^^upply  from  the  Jumna  River,  whitb, 
however,  does  not  at  all  times  carry  sufficient  water  to  fill  it  I^-* 
supply  iH  ai'oordingly  augmenti*d  by  luoans  of  a  cut  from  the  Hindnu 
Uivt*r,  vvliieh  emptier*  the  wat^er  of  that  strt*am  into  the  Jumna  abovf' 
the  diversion  w^eir.  In  the  weir  theiT^  is  tho  usual  set  of  scouring 
shiipej^  at  the  end  adjrinent  t^ithe  eanal  head  and  the  en stomary  regu- 
lating gatc^s  and  lock  tor  navigation  purposes  at  the  canal  entrance. 
Like  the  (4aiiges  River  at  Narora,  the  Jumna  hei*e  requires  the  eon- 
struetion  of  great,  river  training  works  similar  in  tlieir  general  char- 
acter to  those  on  the  Lower  (Ganges,  but  in  order  to  throw  the  greater 
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rtion  of  the  water  toward  the  right  bank  of  the  river,  where  the 
nal  head  is,  alligator  groins  have  been  run  at  right  angles  to  the 
le  of  the  weir,  by  means  of  which  the  water  is  trained  in  the  desired 
rection. 

After  examing  the  office  records  and  maps  at  Okhla,  Mr.  P  vlmer 
id  I  made  a  trip  by  tonga  down  the  line  of  the  canal  to  examine  Mane 
the  works  of  interest.  We  passed  several  inlets  by  which  the  cirain- 
^e  of  small  streams  heading  in  the  hills  to  the  south  is  admittel  to 
le  canal.  The  water  enters  by  stone  culverts,  and  the  core  of  the 
mal  embankment  at  these  places  is  usually  constructed  of  rubble 
asonry.  These  inlets  are  generally  controlled  from  a  gate  tower, 
ear  the  Ali  Torrent  the  canal  banks  ai*e  protected  on  the  upper  side 
i  a  long  earthen  dam,  forming  a  storage  reservoir  which  catches  the 
painage  of  several  small  streams  from  the  hills  and  passes  this  through 
a  outlet  or  spillway  into  a  superpassage  of  sheet  iron  carrietl  over  the 
inal.  The  water  retained  in  the  reservoir  is  allowed  to  settle,  and 
hen  clear  of  silt  is  admitted  into  the  canal,  but  in  time  of  floods  the 
iX)erabundant  discharge  is  carried  over  the  spillway  previously  men- 
oned  and  discharged  into  the  Jumna.  Many  hundreds  of  small  tanks 
ave  been  constructed  all  through  this  region,  and  one  very  large  one 
I  now  under  construction  on  the  Surwa  River  about  15  miles  above 
aroda. 

Among  the  most  interesting  sights  from  a  scientific  point  of  view  to 
e  seen  in  India  are  the  ancient  astronomical  observatories  erected  by 
le  old  Arab  astronomers  at  Delhi  and  Jeypur.  At  the  latter  place  I 
ad  an  opportunity  to  examine  carefully  the  observatory  of  the  Shah 
ehan,  which  covers  a  couple  of  acres  of  ground  and  is  surrounded  by 
high  stone  wall.  Within  this  inclosure  are  constructed  many  unique 
lasonry  instruments  with  which  were  conducted  the  observations  of 
le  ancient  astronomer. 

On  March  3  I  reached  Bombay,  and  a  few  days  afterwards  left  for 
ome. 

At  Aden  I  stopped  a  day,  thus  giving  sufficient  time  to  examine 
le  strange  old  reservoirs  (PL  II),  constructed  in  a  gully  above  that 
►wn,  which  supply  it  with  water.  It  is  only  once  in  several  years 
lat  a  sufficient  rainfall  occurs  in  this  arid  region  to  fill  the  tanks. 
here  are  several  of  them,  one  above  the  other  far  up  the  gully,  and 
was  my  good  fortune  to  be  there  a  few  days  after  the  occurrence  of 
le  first  storm  that  had  filled  them  in  three  yeai-s.  They  are  most 
irefully  constructed,  lined  throughout  with  hydraulic  cement,  thus 
peventing  any  leakage  through  their  rock  bottoms,  and  are  closed 
Y  substantial  dams  with  wasteways  and  masonry  conduits  leading 
•cm  one  to  the  other,  so  that  the  leiist  possible  amount  of  wat^^r  will 
e  lost  by  absorption.  The  total  storage  capacity  of  these  tanks  is 
tK)ut  12,000,000  gallons. 
From  Aden  I  proceeded  direct  to  Suez,  where  I  took  the  train  for 
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Cniro,  arriviiig  there  on  March  18,  Here  I  called  upon  the  AmericaiL 
consiil-gemeraK  Mr.  Engene  Schuyler,  who  informed  me  how  best  to 
wee  the  irrigation  work*?  in  tho  imm(Mliat<^  vicinity.  By  him  I  was 
introilneed  to  CoL  Sir  Hcott  Moncrieflf,  the  Diinister  of  pnblic  worbi 
for  the  government  of  Egypt,  from  whom  valuable  information  and 
mi  mi  iron?*  repoH-H  relative  to  the  irrigation  works  of  that  eoimtn' 
were  ibtatmnK  The  next  day  the  Barrage  du  Nil  was  visited,  it  beinir 
readily  nmchwd  liy  a  railway  trip  from  Cairo  oeenpyingaliout  an  hoar. 
Two  other  trips  to  the  Barrage  wore  made,  duritig  which  ample  op|M>^ 
tiinity  wan  had  to  examine  the  worka,  CoEistrtiction  wan  Imvt^ 
rapidly  piiaiied,  and  thew%  were  praT>ably  6,000  workmen  employ^ 

oil  tlnBtll. 

A  f^w  dayn  lat^r  1  pitH3«eded  bo  Brindisi^  Italy,  thenee  to  Home» 
where  T  arrives  I  March  30,  In  Rome,  thanks  to  the  kindnet^  of  the 
Axneric'aD  minister,  the  Hon.  A,  G.  Porter,  I  called  upon  the  minister 
of  fiiianeet  under  whowe  direction  are  the  irrigation  works  of  It^ly* 
Fnmi  him  1  rereived  a  letter  to  Signer  Carlo  Sospixio,  the  director  ef 
tUi}.  <-av«njr  canal  at  Tnrin,  and  on  the  following  day  I  reached  Tnrin. 
Hignor  Sospi^io  was  very  conrteons,  and  arranged  to  have  one  of  hia< 
8iilwngineer8  meet  me  the  following  day  at  Chivasso,  where  the  head-" 
worku  of  the  Cavour  eanal  arc^  and  show  mo  over  them,  \ 

On  April  2  I  was  met  at  Chivasso  by  Signor  Canavott^e  Oreste,  an 
a^^istant  engineer.  With  him  the  foLlowing  two  days  were  spent  in 
an  inspection  of  the  line  of  the  Cavour  canal  aa  far  as  the  invert^Ni 
siphon  cros^i^ing  the  River  Sesia.  The  trip  was  made  from  Chivaaso 
in  a  cari'iage  along  the  canal  banks  as  far  as  the  aqueduct  crossing 
the  River  Dora  Balt-ea,  1>elow  Saluggia.  From  this  point  the  carria^ 
was  sent  around  llm  road  to  Sahiggia  and  we  examined  the  canal  and 
aquedu(.*t  on  foot ,  rejoining  the  carnage  at  Saluggia, 

The  weir  across  the  River  Po  at  the  head  of  the  Cavour  e^inal  is  a 
temporary  one,  eoustrnct^d  of  brush  and  rocks,  and  is  not  over  5  f&et 
in  height.  This  weir  has  to  lie  annunlly  repaired,  but  this  is  le^ 
expensive  than  the  construction  of  a  pennanent  one  would  be.  Wlieii 
the  River  I*u  in  low,  and  docs  not  discharge  sufficient  wat-er  for  tla^ 
waJils  r»f  the  c'anal,  ndditioniil  water  is  supplied  by  the  subsidiary 
Canal  Kariui,  wliile  the  t'anal  Rotto  adds  some  of  the  wat^r  of  the 
Dora  Kaltea  to  it. 

Abt^vi''  tSrtluggia^  near  Cigliant),  iR  an  interesting  arrangement  for 
I i  f ti ng  til e  w a te r  f  n m i  a  1  o w-  to  a  h i gh - 1  e ve  1  can al .  Th i s  co nsi sts  n f 
four  Icvf^ls  of  canals.  Between  the  twf>  lower  ones  is  plaecxl  an  exten- 
sive pumping  plant,  opcraterl  by  turl)Lnes  which  receive  their  water 
from  thf^  upper  of  the  two  lower  canals  and  tail  into  the  lower  eanaL 
whence  the  water  is  distribute<l  to  low-lying  fields.  The  lower  of  th** 
two  upper  canals  Kupplies  water  by  means  of  an  immense  wrongbt- 
iron  ]iilli%  '{  feet  in  diameter,  with  a  hi 'ad  ot  about  60  feotj  to  the 
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pumps  below,  and  these  force  it,  through  another  pipe  of  the  same 
dimensions,  a  total  height  of  140  feet,  to  the  high-level  canal,  whence 
it  is  distributed  to  the  upper  fields. 

From  Saluggia  we  proceeded  by  rail  to  Santhia,  near  where  the 
Canal  Cigliano  passes  over  the  Ivrea  canal  and  at  the  same  time  sup- 
plies it  with  water.  The  night  was  spent  in  Vercelli,  and  in  the 
morning  we  proceeded  to  Greggio,  where  the  Cavour  canal  passes 
under  the  River  Sesia  in  a  great  siphon  nearly  800  feet  in  length, 
which  carries  the  entire  capacity  of  the  canal.  This  system  consists 
of  four  channels  or  conduits  constructed  of  masonry,  oval  in  shape, 
the  inside  diameters  of  which  are  9  by  15  feet. 

On  the  following  day  I  proceeded  to  Milan,  thence  over  the  cole- 
braticd  St.  Gotthard  route  through  Switzerland  to  Paris,  where  I  arrived 
on  April  6.  In  Paris,  through  the  courtesy  of  the  minister  of  public 
works,  I  received  a  letter  to  M.  Camere,  engineer  in  chie.^  of  bridges 
and  roads,  located  at  Yernon,  with  whom  I  examined  the  various 
barrages  which  regulate  the  navigation  of  the  Seine.  At  Fai*is  the 
examination  of  irrigation  works  came  to  an  end,  and  I  proc<^eded 
thence  direct  to  the  United  States. 
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CHAPTER    I. 
FINANCE  AND   STATISTICS. 

VALUE  AND  NECESSITY  OF  IRRIGATION. 

n  view  of  the  interest  in  the  subject  of  irrigation  which  luis  been 
ently  developed  in  this  countr}^,  it  will  be  well  to  observe  what 
lefitshave  been  derived  financially  and  otherwise  from  tlie  irrigation 
rks  that  have  been  in  active  operation  in  India  during  the  last  cen- 
y,  and  also  to  note  what  Indian  and  English  statesmen  and  engi- 
irs  have  to  say  on  the  subject  of  the  extension  of  irrigation  in  India. 
3au8e  of  the  similarities  of  the  countries,  climates,  and  the  condi- 
18  under  which  irrigation  works  are  operated  in  America  and 
lia,  some  useful  lessons  may  l)e  drawn  from  these  comparisons.  It 
I  already  been  shown  that  the  conditions  of  the  utilization  of  the 
ters  of  irrigation  works  are  quite  similar  in  the  two  countries,  and 
t  the  autumn  crop  in  India  is  cultivated  under  circumstances 
lost  identical  with  those  under  which  our  ordinary  summer  crops 
grown  in  the  arid  regions. 

Tie  Indian  financier  divides  the  irrigation  works  into  two  great 
»es,  called  major  and  minor  works.  Major  works  are  generally 
se  of  more  importance  from  an  engineering  point  of  view,  and  have 
n  in  some  cases  almost  entirely  constructed  by  the  British  Govern- 
[it,  while  the  minor  works  are  of  smaller  pretensions  and  in  many 
es  modifications  or  improvements  of  existing  ancient  irrigation 
bems.  The  portion  of  the  major  works  that  are  constructed  from 
ital  provided  from  the  general  revenues  of  India  are  styled  "pro- 
jive  works."  '* Productive  works"  are  usually  constructed  from 
ital  which  has  been  borrowed,  and  it  is  exi)ected  that  a  sufficient 
fit  will  be  realized  from  their  operation  to  i>ay  interest  on  the  bor- 
ed money.  Many  minor  works  are  also  i)roductive  works.  In 
eral,  protective  works  are  constructed  as  a  protection  against 
ines,  and  they  act  in  the  amelioration  of  these  in  two  ways.  First, 
'  are  construct-ed  during  famine  timt^s  to  give  (Mni)loymcnt  to  th(» 
pie  and  furnish  them  money  and  food  for  their  sustenance,  and 
>nd,  aft^r  their  construction  they  are  exi)ect(Ml  to  furnish  sufficient 
9r  for  irrigation  purposes  to  render  them  a  i)rotection  against 
ire  droughts  and  the  resulting  famines.  The  majority  of  these 
ine  protective  works  consist  of  storage  reservoirs  constructed  in 
more  arid  portions  of  India. 
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TliiB  rBtiBoii  for  tlie  suecesB  of  the  greater  procluctive  works  of  north- 
ern India  is  twofold,  Firni,  those  works  mm  coiuiitraeted  in  a  eomjtrj 
ilantlar  to  that  of  the  western  Unittnl  States,  so  barren  and  devoid  nf 
pSltc*r  thjtt  JiolKKly  ooukl  live  there  or  prfKluee  crops  of  juiy  Bort  tirifLl 
eanalt<  h*id  iK^en  iUi^und  water  provided  for  imgaiH^Pii.  AcHMjnlin^lyj 
all  thtjj4i3  who  immigmtod  to  the  neighlxirhood  of  then*.*  e^nals  wen?jri 
o!K*e  (♦oitipelhid  to  u^sc  and  pay  for  the  wat-er,  otherwise?  they  would 
have  lytyim  tinahle  to  rai«e  tTopfi,  It  is  owin^  to  the  fact  that  tbese 
wt^rk^  h*ive  Ijt^eii  «>l)le  t*j  do  their  full  duty  and  the  t^iial  amount  of 
water  furDisht^l  by  thoni  has  l>een  in  constant  demand  that  tJiey  lihve 
eariie^l  rnt^^rewt,  C*n  the  contrary,  the  protective  W€>rk8,  whii*h  hav** 
UHually  proved  flnaniHal  failures^  huve  bet*n  built  in  iH-gioris  wlien^  m 
ordinary  yeart*  the  preeipiUtion  has  been  itufficient  to  produce  good 
eroprt,  but  where  dunn^^  tK^c-jif^ional  years  the  croi>8  j^tufTer  from  lack  of 
waWr,  and  it  i8  then  only  that  the  irrijration  works  aix*  called  up<ift. 
Such  works  being  only  ntilized  occasionally^  produce  only  nuKleraTe 
in^rns  during  oecasional  years.  Were  the&e  works  conHtrueU**!  ht  a 
jUis  inliaiiitc^l  region  and  in  one  laeking  suf!\eient  preeipif^Hon  uv 
raise  crops,  they  would  doubtless  then  do  constant  duty^  and  it  might 
reasonably  l>e  expected  that  they  would  l>ecome  [iriHlnetive  work^ 
In  some  few  crises,  such  a8  thrjst*  of  the  Sidhnai  c4inal  in  the  Punjab 
and  the  Betwa  canal  and  rt*servoir  in  the  Northwest  province**,  wfrtki 
originally  constructed  as  protective  works  have  receivcni  Huch  a  fsoii* 
ii^i^wt  doinaud  for  their  waters  that  they  are  now  prixhictive,  rc^turniug 
moderate  interest  on  the  eapitaL 

Anywhere  in  our  arid  West  where  irrigation  works  may  be  con- 
struet^d  it  m  reasonable  tosupp(>se,  jndj^ing  from  analogy,  that  wliens 
suffieient  population  sf^ttles  below  theru,  these  works  will  be  called  ui»od 
t<o  furnish  all  the  water  tliey  can  provide,  and  if  properly  and  cjirefnllr 
planucil  aud  estimated  for  should  return  fair  interest  i>n  the  original 
outlay.  Ouly  semihuniid  re^^ions,  such  as  western  Kansas,  the  Da- 
kot4is,  Nebraska,  and  Oklalionja,  have  been  subjected  to  famines 
These  occur  every  few  years,  and  are  the  results  of  the  country  having 
been  settled  during  perioiln  of  fan-  rainfall.  Foil  owing  the^e  good 
years  came  a  sefison  i>r  two  of  mini  mum  r*aiu  fall  when  the  erojis  were 
parched.  It  is  only  because  of  the  inerciised  transportation  facilities 
in  our  West  and  the  extensive  charities  undertaken  by  tlieiTOvernment 
and  people  that  settlers  in  that  {portion  of  our  country  have  Ikh^d  saved 
from  famine.  It  is  in  such  regions  as  those  in  India  that  thcGovem- 
meuthas  devoted  the  most  time,  attention,  and  money  for  the  construc- 
tion of  iiTigation  works  as  a  means  of  pr^otection  against  such  losses, 
and  convineiug  arguments  have  been  brought  to  prove  that  money 
expended  in  such  ]>rotcctive  works  is  saved  to  the  Government, 

The  high  price  paid  for  labor  as  com  pa  red  with  that  in  India  id  the 
ftT]gument  generally  us*hJ  to  prove  that  similar  profitable  returns  from 
Irrigation  enterprises  in  this  country  can  not  necessarily  be  expected, 
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•^  the  cost  of  construction  here  would  be  proi)ortionately  so  much 
Sweater  as  to  demand  a  higher  return  from  the  use  of  water  in  order  to 
9my  a  corresponding  rate  of  interest.  It  is  not  improbable  tliat  with 
■lie  increased  amount  of  work  done  by  an  American  laborer  as  com- 
ttsred  with  that  of  a  Hindoo  coolie,  and  with  the  aid  of  many  mechanical 
levices,  the  discrepancy  in  cost  is  not  so  great.  Moreover,  returns 
lerived  from  irrigation  works  in  the  two  countries  are  more  nearly 
Equalized  from  the  fact  that  we  can  impose  a  higher  tax  for  the  use  of 
irater  than  it  is  possible  to  demand  of  the  poor  fanners  in  India,  where 
^rom  2  to  5  acres  support  a  large  family.  The  apparent  low  cost  of 
Indian  labor  is  at  first  glance  against  this  argument.  Men,  women,  and 
children  are  engaged  alike  in  the  construction  of  all  works.  As  com- 
mon laborers  women  and  children  receive  about  4  cents  per  day,  and 
nen  from  8  to  10  cents.  Skilled  masons  and  machinists  receive  frcmi 
L8  to  22  cents  per  day,  and  cari)enters  and  blacksmiths  nearly  the 
lame. 

In  the  interior  towns  of  the  Bombay  Presidency  contract  prices  are 
ftbout  as  follows:  At  the  Bhatgur  dam  uncoursed  rubble  masonry  costs 
kl.75  per  cubic  yard,  while  at  the  Tansa  dam  it  costs  12.50  per  yard.  In 
tdie  Northwest  Provinces  earth  excavations  in  deep  canal  cuts  cost  6'^ 
Dents  per  cubic  yard,  while  surface  excavation  costs  2^  cents.  In  the 
Punjab,  according  to  the  revenue  reports,  water  in  the  canals  yields  a 
return  of  from  70  cents  to  $1.25  per  second-foot,  while  the  water  rate 
charged  per  acre  irrigated  was  from  70  cents  to  $1.15.  In  Bombay, 
according  to  the  revenue  report  of  1889,  the  water  rate  derived  was 
91.15  per  acre  irrigated,  and  ranged  from  35  cents  to  $3,  the  latter 
figure  being  abnormal  and  paid  for  the  irrigation  of  sugar-cane  crops, 
'which  require  an  enormous  amount  of  water  in  their  cultivation. 
Against  these  prices  we  are  able  to  obtain  in  the  central  arid  regions 
of  America  a  revenue  of  from  $1.50  to  $3  per  acre,  which  is  equivalent 
for  adutj"  of  80  acres  per  second-foot  to  from  $120  to  $240  per  second- 
foot  utilized.  In  California  and  other  portions  of  the  country  where 
water  is  scarce  and  the  crops  valuable  the  rate  is  usually  many  times 
higher  than  the  above. 

In  the  province  of  Sind  in  the  Indus  Valley,  including  the  southern 
Punjab,  there  is  an  enormous  and  thirsty  waste  of  sandy  desert  where 
the  annual  precipitation  is  always  below  10  inc'hes,  even  fallin^^  as  low 
as  3  or  4  inches.  There  nothing  can  be  grown  without  the  aid  of  irri- 
•^ation,  and  the  entire  area  under  cultivation  and  the  population  sup- 
[X)rted  thereby  are  entirely  deixMident  on  irrigation.  TIhj  works  in  that 
region  are  chiefly  inundation  canals  with  a  few  perennial  canals  mostly 
taken  from  the  Indus  River.  In  the  Sind  alone  ov(»r  :3,(X)o,00U  acres 
are  under  cultivation,  and  yield  an  annual  revenue  of  about  83,700,000. 
In  Bombay  and  the  Northwest  Provinces  nearly  double  the  popula- 
tion is  now  sustained  that  was  supported  previous  to  the  intnKluction 
of  modern  irrigation  Avorks.     According  to  Col.  Baird  Smith,  the  whole 
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of  tbe  regioii  tmpited  by  the  Kantem  .Tuuiuii  ennal  would  hme  be^ 
der^tated  by  the  famine  of  1837-^^8  wtthoni  the  md  of  the  irng&tjcm 
whM*  h  thai  <'a  na  1  a  fTo  r  d  ed .  \V  i  t  h  i  tii  a  id  th  e  popnlat  i  on  was  eom  f una- 
bly  su|i|*ortefl  and  I  he  |^n^««  rcTeoue  derived  from  the  use  of  the  water 
:pia  i25  445,00i>,  of  which  the  Govemment  r^oeiindd  a  yearly  net,  iiif<Miie 
of  |250,t>(»,  and  thm  shortly  aft**r  the  eomfiletion  of  the  work.  In  tlur 
aarne  ynnv  tlu*  uuit-e^l  Kiiaterii  and  Weslem  Jumna  eanAls  wen*  mti- 
f*d  M>  have  savi^d  pnjperty  to  the  value  of  tlc),<XXi,or>Ci,  and  a»a 
tisult  uf  thb  i^howing  the  British  tkrvemment  shortly  afterwards  hegia 
the  cHini^tnietlan  of  the  great  Ohh^^  canal  and  other  mmilar  woiio^ 
From  th(?  repcirt  of  Major  Baker,  R.  E,,  il  appears  fr*jm  ai.*taal  uieafr- 
aremc^ntH  made  on  the  Wefitera  Jttmna  eanal  in  1S%  that  ih^  gro^ 
^alne  of  crops  on  lands  irrigated  by  that  e^nai  was  t7,500,(iu<»,  uf  wUicl 
t750,0tHJ  waa  paid  to  the  Government  ub  land  and  wat^r  reiif.;  th** 
remainder  aided  to  feed  and  support  the  inbabitanta  of  5(i0  vilti^^ 
dtirhiK  a  iieriod  of  devastating  famine*  Without  irrigation  this  taml 
would ^  during  that  drought,  have  l>een  tot^ally  unprod motive. 

Ah  an  indieation  of  the  increased  revenue  derived  from  the  nm  oi 
water  and  the  capability  of  the  soil  to  pay  tliat  increase,  it  appcAffi 
that  in  the  pre^iideney  of  Madras  the  rate  of  aaaessnient  in  the  tank 
region  is  about  12.30  per  aere  on  Irrigated  land,  as  againgt  55  ceat^ 
per  nitre  on  land  not  irrigated.  It  is  difficult  to  show  in  a  8atisfactiin 
manner  what  has  been  the  aetnal  result  of  the  irdgation  worku  in 
I  ti  d  i  a  a  H  li  1 1  a  1 1  c  ia  1  lui  d  e  rtak  i  ngs.  The  fi  gures  gi  ve  n  eon  vey  U  tt  I  e  i<leA 
of  the  aetnal  benefit  derived  from  the  eanals,  tt^  much  of  this  m  col* 
lee  ted  a«^  the  land  taxj  whieh  forum  n(3arly  half  the  total  reveuuecjf 
the  Indian  Govern  raent. 

Another  difficulty  in  to  vie  wing  the  financial  results  of  Indian  irri- 
gation works  is  found  in  the  fact  that  in  several  ca^sei*  c^ipital  sliuwn 
by  the  (government  acMjonnt^  does  not  include  the  value  of  the  old 
native  works,  upon  which  the  Britisb  undertakings  were  fountied 
liecognizing  thcHc  difiieultics,  Major-General  Dickens  presented  to 
the  select  committee  on  public  works  a  statement  of  which  the  follow- 
ing is  a  summary,  which  was  given  fts  the  nearest  approximate  tx>  the 
truth  that  could  be  obtained.  This  statement  was  for  the  y*?ar 
1875-76  ouly,  and  no  tillowancc  was  made  for  the  value  of  tht*  M 
native  works,  which  General  DickeiiM  stated  did  not  exceed  t2,5t.H),<N»lL 
The  total  expenditure  to  date  was  fi77,5(Wi,nOi);  the  t-otal  ivceipt-s  wen* 
*0,15U,tHX),  and  the  working  expensefi  were  *i»,iX)OahMJ.  This  shows 
that  the  irrigation  works  of  India^  taken  aliogcther,  paid  at  that  tiniv 
a  It?  venue  J  direct  and  indirect,  of  ^  per  ct*nt  to  the  state.  Thh 
includes  some  works  which  were  only  partially  in  operation,  Geneml 
Dickens  anticipated  that  when  in  full  operation  they  would  cvcBtu- 
ally  imy  6  to  7  per  cent. 

As  an  indication  of  the  time  which  nntst  necessarily  cxpii*c  after » 
canal  work  is  i»pened  and  Ix^forc  it  is  doing  its  full  duty  and  return- 
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ing  its  full  rt^ venue,  the  great  Ganges  (*anal  was  fourteen  yeai-s  in 
operation  Iwfore  it  paid  4  x>er  cent  on  its  simple  capital,  and  Colonel 
Crofton,  the  late  inspector-general  of  irrigation  in  India,  appears  to 
think  that  ten  years  is  by  no  means  an  unreasonable  time  to  elapse 
after  an  irrigation  work  has  been  put  in  operation  before  it  can  pay 
interest  on  its  cost.  Gen.  R.  Strachey  in  1865  gave  it  as  his  opinion 
that  it  was  not  likely  that  even  5  per  cent  would  l)e  realizt^l  in  ton 
years  on  the  capital  stock  on  any  but  the  smallest  irrigation  works, 
while  Col.  JJaird  Smith  took  it  for  granted,  in  reporting  on  the  pro- 
posed Soane  canal,  that  the  works  would  not  be  self-supporting  for 
8ixt<H?n  yeai-s  Rft^er  thej^  had  been  opened  for  irrigation. 

The  following  quotatit)ns  are  from  the  reports  of  the  select,  commis- 
sion appointe<l  in  188H  by  the  British  Government  to  ivport  on  meas- 
ures of  protection  from  and  prevention  of  famine.  This  n^port  bears 
great  weight,  owing  to  the  high  character  of  the  members  of  the  com- 
mission, both  as  engineers  and  men  of  exi>erience  in  the  (construction 
and  management  of  irrigation  works  and  as  statesmcMi  of  broad  vi(»ws, 
wliost*  integrity  can  not  be  doubted.  This  commission  consi^^ted  of  (^en. 
Richard  Strachey,  James  Caird,  IT.  S.  Cunningham,  II.  K.  Sullivan, 
and  J.  1*.  Peile.  Their  remarks  relative  to  the  value  of  irrigation 
works  were  as  follows: 

It  is  not  only  in  years  of  drought  and  as  a  protection  against  famine  that  irriga- 
tion  works  are  of  value.  In  seasons  of  average  rainfall  they  are  of  great  service 
and  a  source  of  great  wealth,  giving  certainty  to  all  agricultural  operations,  increas- 
ing the  outturn  per  acre  of  the  crops,  and  enabling  more  valuable  deHcri])ti(ms  of 
crojis  to  Ik*  grown.  The  following  instances  may  l)e  quoted  from  the  mjiKs  of  evi- 
dence Ixjfore  the  commission:  The  outlay  on  completcnl  canals  in  the  l^unjab  up 
to  the  close  of  1877-78  had  been  $11,300,000.  The  totiil  area  irriKaUHl  by  them  w^ 
1 ,824.000  acres.  The  value  of  food  grains  raise<l  on  two  works,  the  Wostem  Junma 
and  the  Ban  Doah  canals,  was  $14,400,000.  It  may,  without  exaggeration,  l>e  reck- 
one<l  that  one-half  of  these  crops  would  have  jKirished  if  un watered,  or  would  not 
have  l>een  raised  at  all  if  the  canals  had  been  absent,  so  that  in  that  one  year  iil(me 
the  wealth  of  the  Punjab  was  increasetl  by  these  two  (ranals  by  $7,200,000,  an 
amount  ec^nal  to  about  two-thirds  the  cost  of  the  works,  and  but  for  the  protraction 
they  afforded  the  Government  would  have  lost  heavily  from  the  nec^essity  of  remit- 
ting revenue  and  otherwise  i)roviding  for  famine  relief.  The  net  reveiint?  for  the 
year  in  the  Punjab  was  only  §fU (7.000.  l)eiug  al)out  oA  jw'r  cent  on  the  capital  outlay 
on  works  in  oi>eration,  a  result  which  obviously  supplies  a  wholly  inadeciuate  test 
of  their  value  to  tlie  country. 

Up  to  the  year  1878  the  capital  outlay  on  canals  completed  in  th(;  Northwest 
Provinces  had  been  $21 ,800,000.  The  area  irrigated  that  year  was  1 .4f>l  .000  acres, 
the  value  of  the  (Top  raised  on  which  was  estimated  at  $:J0.{)0().000.  Half  of  the 
area  irrigated  was  occupied  by  autumn  crojis.  whic^li  but  for  irrigation  must  have 
been  wholly  lost,  and  it  may  be  safely  sai*!  that  the  wealth  of  these  X)ro\'inces  wtis 
consequently  increfised  l)y  $15,000,000.  so  that  three-fourths  of  the  entire  first  cost 
of  the  works  was  thus  repaid  to  the  country  in  that  same  year.  The  net  revenue 
to  the  Government  from  irrigation  in  thest^  Provinces  was  $l,.")r)0,0OO.  or  7i^  imt 
cent  on  the  whole  capital  outlay  of  $28, 750,000, of  wliich  about  $6,250,000  was  still 
unprcKluctive. 
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The  revnlt^of  irrigation  arc  not  sofa^arabk  in  Bengul  and  Beliar  m»  in  th^^  aboft 

two  iirovinrt^w.  i'Mv^y  }yt^*H\iii^}  irrigatiou  is  tlii^re  less  n*rci«*?iary  since  tli*?  miEfaH  i# 

inorei  jilmiitljiiit.     There  is  Hiiffitieiit  evidenft*  of  it«  valne  in  Madras.    Tlif  thrw 

great  i)f  ItAic  systems  (if  irnfCHtioti,  the  QciiLiVf^Tt,  tin*  Ki^nia,  fmd  tlir*  Canvtii,  ri^W 

dlrwt  rt^tnm**  of  h,  li,  and  !?1  (>er  cuiit,  f^H^wx^tiv^^y,  on  the  cai^itHl  rtpt.*nt  cm  Ibna, 

■flfarin^  till*  year  l^TiI-TT,  w  yc^ir  whrn  t?VL*Ty  miirriifiU<*d  diistHrt  wiis  impfiTting* 

pifiritf*  paH  of  tht'  ffMirl  of  itfl  iK>pnlntion,  the  valin*  <if  Hcht  protluc^id  in  tht*  dfJtitaiyf 

tho  Cludu^tMi  and  Klp^lna  rivera  in  cuJ^'olated  at  ibe  pfit^e^  tht*U  ]>rp%'ailing  to  h^t^ 

^Mb  nut  less  than  ^^rijMli^.iHX).     Tbo  f ordinary  iviital  tif  l^ind  m  nonheni  Itjdia  w 

Banbled  by  irri'-^Htiim,  whik  in  11  district*  of  Almlr*!**  th«*  averaiEfe  rental  nsa 

ttmn  if^  n^nisi  l.*^  $1,70  iwtr  acre.     In  consirlering  thiB  ipieBtiiin  it  should  bi.»  U*tw 

in  mind  thjvt  there  an*  otln^r  canses  of  tinaneial  ill  siiccesn  of  irrigi\Hk»n  Wi*rL**-  Thtt 

I  one  t4'uip<irar>',  the  iJlher  iierinunpnt.     In  the  rme  caiM>  the  ivorki^  wiay  fail  t4't]Af 

far  u  tinic!  lnHninst-'  r^f  the  slowness  witJi  whi^h  the  pe»«)ple  adapt  tli»?ni!!!eivt<t  in  tlii 

!i©w  xyfJitein  of  t-nltivati^rn^  a  diffii-nlty  which  itris^es  in  aluifif^t  t.^verj"  new  Wfffk,  ur 

Uecaueie  of  frr«*rw  in  th*>  diiUiilB  *jf  Uie  f^chenji'  which  fX|it*Ti»_^iict*  detfN^'tiNmtd  whidl 

art?  eiwtily  renimlied.     In  thti  other  cjj^e  the  faihire  may  Vm  due  to  the  inhi^iT^it 

dpfertft  ^>f  the  Ai^hetne  aiirl  tti  the  fact  that  the  water  coats  nn>pe  than  it  i^  wortk 

In  the  furnitT  case,! here  may  l>^*  n^a^tm  toexjitict  tlmt  !h*?wat4!'rwin  lieevenlTHillj 

f^Uy  ntilixi'd  ntnl  the  fleRrit  Ihi  convertrtl  \nu*  a  finfiilTis<,  thoiijyjh  th*:*  mrnmnlsited 

*  exeetit*  charjieH  duritijLr  a  seriewof  yearn  may  ainoniit  Utik  larice  mnu  whieh  rec**ipto 

vt^n  tmly  ^^rudnally  wipe  out.     In  the  Ijitter  case,  thtmirh  thi^re  mny  Ijt*  riMini  fuc 

imimivruit^Tit  and  iM-imoniy  ia  the  diBtriluitiou  aud  uaf^  of  Qic  wator,  it  tiiayhr 

ijnptj«»ible  ever  t<»  retjiae  a  Hurplna,  ** 

Aceordiii^r  t*»  the  snmt^  auUiorittrs  the  net  ineomoof  Ihi*  wtioW  work^ 
in  tiporj^tion  iu  Briti^ih  India  was  iu  Uit;  ytmr  Ji>7l>-H0$5,8ao,tK?0t  whjci 
amount H  within  a  very  small  fraetion  to  G  per  cent  of  thr^  whrde  enpi- 
tal,  includin*:^  Mbont  s^H't^i'.iOjN^o  xspent  on  works  not  yet  bt^iiii^ht  inio 
oiie ration.  If  1 1  li j^  jii i r t  o f  1 1 u *  o u t biy  b** e x td u d ed  th o  1  o co me  is  found 
to  bt^  inaii3  than  7  per  eent  un  tlmcajntal  at^tually  utilized.  Compile 
tion  cjf  tJn>  adininistnitivc  reports  of  11  ic  varioas  prt)vinees  of  India 
^howN  n  total  (expenditure  in  the  tii>il  ten  years  of  work  ( 1 8»i 7- 187ij)  on 
deiined  projeets  to  have  bec^n  $5:2,851  J, i)i HI  Between  1877  and  19iH> 
tile  gn)S8  otitlrty  was  ^:28-!i,OM(i,nnti^  the  ^raud  tot^U  expended  nn  such 
w^ork  from  H*i7  to  VMH)  YiKAii^  #:j:J7,s:)0jHHL  In  the  year  llKMi_lu<U  the 
exiKdiditures  t>n  account  of  irritration  a^^t't^^^^ted  ^]l,5(Ki,(KK)  and  the 
revenues  ^l-,n7a,UUtJ,  tlie  protit  earned  on  the  capital  outlay  Ijeing  TJ 
per  eent . 

The  followlnjT  statement  of  the  water  n^nts  d*4'ived  from  th*^  UHe  tif 
the  Western  Jninna  canal  in  tln^  Punjab  betwt^eu  the  yeat>  ISi'naud 
1850  will  givv  a  fair  idea  of  tht^  rapirUty  witli  which  the  ineumo  from 
the  use  of  irrii^atiou  works  iin-i'casert.  In  LSJu  the  water  revenue  was 
$4-^J  per  annum;  in  ls;Jt)  it  was  J^:^S,8Ui);  in  1840  it  svas  $112,0C«X  On 
the  Kastern  J  ma  an  canals  in  the  Northwest  Provincos  the  w^ater  reyfr 
nue  was  in  18:i(i  tJl^JHH)  per  ainiuni.  In  1840  it  was  f^29,:jtM>  jj^r^r  nnniiin« 
and  iii  1845  it  was  $48,200  per  aunnm.* 


«Bfli>cn<t  of  thelniUi&n  Famine  f^Dinmissium,  Fati^  £  Luiitl<ni,  JSm. 
^Bmltlt,  H,  HaiM«  F,  O.  H„  tUiU»u  Irrigiit.^nD,  Lcmdun,  18(k%  toL  1.  ^lB-^1 
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LAND  AND  CROPS. 


The  following  table  gives  the  area  and  population  of  the  i)rineipal 
^rovin(^8  of  India  according  to  the  census  of  11*01 : 


Area  and popnlation  of  jjririx'ijHil  jtroviitccs  of  India. 


Province. 


Di^iiKity 


al -- 

"Cniteil  Provinces  and  Ondh 

JPnnjab- 

Oentral  Provinces    

lAadras J 

fiomhay I 

~  Surma    ... J 

Other  provinces I 

Total  British  territory, including  BurniH.ctc^ 

TPotal  native  States ! 

! 

Grand  total,  India I 


Of  British-bom  inhabitants,  in  1891  there  were  100,551;  of  agricul- 
"ttirists,  171,735,000,  or  GO  per  cent  of  the  whole  population;  and  of 
^^lanufacturers,  27,470,000.  The  mortality  in  India  varies  from  21  to 
S8  per  thousand. 

The  following  table  shows  the  areas  cultivaUMl  and  irrigatitd  in  the 
'Various  provinces  during  the  year  11H)0-1001 : 

Area  cultivated  and  irrigated  in  principal  2fr(}rinces  uf  India. 


Arwi. 

Poinilntidn. 

IKT  rMiuaro 
mile. 

Stjfiuirt'  Uit'h's. 

151,185 

74,744.800 

494 

107.  UM 

47,091.782 

445 

97,201) 

20.  :^:J0.  :i:J9 

209 

HO,  4r)<) 

9, 87(>.  04r. 

114 

141,  72() 

:{8, 209. 4:iO 

269 

12;^.  004 

I8,r)r)9..")0i 

151 

2:«5,73S  ; 

10.490.024 

. .    ... 

14:J,704  1 

n,990,:M:{ 

1.087,241) 

2:il.8i)9.r>97 

233 

079, :«):{ 

02.401,519 

92 

1,706, 042 

294,;3«1.046 

162 

Prt)vim;e. 


'A<:ro»itultivatc<l.i  Acres  irrijnit^'cl.  j    N»'t  r«*vt»Tiue. 


bengal .    

Madras — 

Bombay 

Northwest  Provinces 

X^njab 

Ondh  - 

Oentral  Provinces 

Sind 

Others,  including  Burma 


"i 


Total,  including  minor  huI>- 
divisions . . 


51,007,700  710,271 

24, 509. 01  :i  r).579.284 

21.000.594      ' 

25,014,892  '    1.800,000 

24,521.071  '    0.000.551 

8,905.:i2a  L. 

15,250,582  ' 

:i.729.43;j     2,5(>8.50:*>  ' 
23.110.057      940.497 


198,315,805 


19,538,923 


•SI  3, 

9. 

15, 
0, 


3. 
13, 


000, 000 
854,000 
791,000 
107,000 
501,000 
181,000 
908,000 
129,000 
280, 000 


90, 883, 000 


4 

u 


"^•-    "'».  r» 


^-  "i.  .li^ 


■-  i^  ailiay  a:,.:  Sin 
vh-at  ..lit^thirxi  as 

•-'•rv-  :>.  ni:hv'r  >iiial 
r  j«Ia4-»-<  a  trir!«-  ni« 
irriu'atc^ii.      To  lh< 
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laction  of  the  great  canals  of  the  Punjab  and  Northern  Provinces  is 
ethe  quality  and  prominence  which  it  possesses. 
Flice  is  an  extensively  cultivated  crop,  but  it  is  limited  to  the  deltas 
the  Orissa,  Godaveri,  and  other  large  rivers  and  to  Jiongal;  80  per 
3t  of  the  crops  raised  in  such  regions  is  rice.  Elsewhere  little  is 
jwii  excepting  in  the  lowlands  along  the  coast.  In  Bengal  the  aver- 
e  yield  per  acre  is  1,200  pounds  of  clean  rice.  Millet  is  more 
tensively  and  generally  grown  than  any  other  crop  excepting  in 
3  special  rice  districts.  A  variety  of  sorghum  called  jowari  and  a 
iked  millet  called  bajra  are  the  most  common  varieties.  They  are 
it  weather  or  spring  crops  and  are  used  somewhat  by  the  natives  for 
[)d,  but  are  chiefly  used  as  fodder.  Oil  seeds  form  an  important 
op.  These  are  usually  grown  as  a  second  crop  after  rice  and  pulses. 
lis  extensively  used  in  India  for  lamps  and  for  food.  I'he  largest 
l-seed  producing  provinces  are  Bengal  and  the  Northwest,  but  these 
ops  are  also  extensively  grown  in  Madras  and  (elsewhere. 
All  kinds  of  vegetables  and  fruits  are  produced  everywlu^re  in  India, 
ese  being  the  chief  foo<l  of  the  natives.  Among  the  more  im])()rtant 
nds  are  potatoes,  which  are  grown  especially  in  the  hills,  maize, 
matoes,  eggplants,  mangoes,  oranges,  lemons,  melons,  figs,  i)lantains, 
id  cocoanuts.  Cocoanut  palms  are  grown  most  abundantly  on  the 
»t  coast  lowlands,  and  date  palms  in  Bengal.  The  production  of 
e  ordinary  spices  is  rather  abundant.  They  are  mostly,  however, 
rhome  consumption,  for  use  in  curries,  etc.,  as  tumeric,  chile,  chic- 
y,  coriander,  and  others.  Sugar  cane  is  very  extensively  cultivated 
ronghout  India,  especially  in  the  Northwest  Provinces,  and  in  Bom- 
.y,  but  it  is  an  expensive  crop  to  produce,  both  because  of  the  time 
q[uired  to  mature  it  and  the  amount  of  water  necessary  to  irrigate 
The  varieties  of  sugarcane  produced  in  India  are  not  equal  to 
08e  produced  in  America  and  in  the  West  Indies,  the  i)roportion  of 
3charine  matter  being  comparatively  low. 

Jute  is  a  plant  almost  exclusively  i3ro<luce<l  in  India  and  veryexlen- 
''ely  exported.  It  is  chiefly  grown  in  northern  and  eastern  Bengal. 
iigo  is  extensively  grown  in  the  Northwest  Provinces,  Punjab  and 
idras,  chiefly  by  the  natives.  It  is  most  extensively  i)r()(hice(l,  bow- 
er, in  Behar  by  English  capitalists.  The  ex[)ense  of  making  the 
e  from  the  plant  is  such  that  the  natives  an*  seldom  able  to  ciilti- 
te  and  manufacture  it;  hence  the  factories  are  usually  under  the 
ntrol  of  British  capital.  Poppy  for.  the  production  of  opium  is 
^wn  extensively  in  the  Ganges  Valley  near  Patna  and  IJenares,  and 
central  India.  Its  cultivation  requires  much  care  and  attention 
d  is  usually  an  indication  of  int(*llig<Mic<»  and  jn-osperity  on  the 
rt  of  the  cultivators.  To])a(»(*o  is  generally  grown  in  small  quant i- 
58  everywhere  in  India.  Thc^  Ix^st  is  produced  in  Madras,  whencr' 
e  vari(»ty  known  as  Tri(*hinopoly  is  extensively  export (*d.  C-otTee  is 
oduce<l  in  small  quant iti(^s  in  southern   India  only.     Tea  is  exten- 


ifciS 


ilTelT  eiiUlvMetl  in  A&i«£U^  wtiere  it  m  taiilgeiiiias,  bat 

sbi  !#*f«Ufi^  in  tlii«  fouiliills  iif  till*  HltiiitljtjaJb^ 

jIv*  ^  <  {ti^|iai^' fur  maj-k^^lti  fillip  L'QJilvjittHl  rh  it.' Ih  by] 
tia  ^iiSAlitv  i«i  c"oii»£taistJy  twing  ImpruFeil  and  tbt*  nmoutitJ 
aaioaiilty  imiioiio^.  I 

if  tHii  ejit««stin«Ijr  ui^i  It  l»  tm^tmtiM*  uf  llji«  liniit€d  means i 
f«t<nm.  The  rototioci  of  cn>p«  ib  noi  fcof^rmlly  pmctieed^  ] 
to  Ibe  ext^ti9iT«  um  oC  w«u-r  for  irripition  It  doc^  tiot  ai 
iii<tJMJir>\  Tlw  iotl  Uin^ugliout  lodln  dilfom  ess^iubill^-j 
looilitltaft;  it  b  i^t&aermU^r  vmy  f^rtiii^  on  the  gre»t  Gdag 
wliili-  lU^  blA^k  <*«Atoti  ^l  of  tilt'  tNi^K^an  \&  perhn})®  the 
in  till?  wirrtd. 

Thft  khiirif  ar  wi?i-wiailht*r  cmp  U  nuitui^l  ehiefljr  byi 
tliif  juimiifer  mHn^jon*  It  bi  tftiwn  m^  m^*D  as  the  j^priug  raSi 
Iif  Iht*  [lUiirtn;^  iif  tht*  lund,  unit  tl  izi  r\*ii|KHl  in  >^'pteiiiber! 
Ttto  mbt  fir  nattiran  erup  i&  tlin  ilr}'*wt>Allit?r  crrfp  and  l 
^Inpwt  amiitttit  of  nrtiHeiiil  wiiieritig  fur  its  ealtlvHtiiin.  ] 
OirtobiT  aiiiJ  h,  reiipt'tl  In  Miu^  nr  ApriU  The  priiieipal 
di]t***ti  ilHriii^  tbi*  n  f*t  seaomi  ati^  rii!<e,  dUlon.  f^ngar  c^ine,  oi 
the  autamti  seiastm  the  marB  haMy  ^rraius  are  proditeeil,  ed 
fond  grmiuii,  ^ueb  aii  wbt^t.  barb'V,  ete*  Tbe  millei  and  In 
ftre  ehjefl}^  imiwu  tii  th^  lti|;U4'!r  UiitiM  nad  depcrnd  fur  the  n 
fUil^iml  mbifitil,  t^  tbi4r  fec|titrt*i]iinit»  in  Ihewny  of  wat 
hwtt  Ihiiti  iliii^''  4 if  tHher  ^ni|ii^  ^ 


nil 


CHAPTER    II. 

TOPOGRAPin,  METEOROIX>GY,  AND  FORESTRY. 

TOPOGRAPHY  AND  GEOLOGY. 

India  includes  within  its  borders  the  highest  mountains  in  the  world 
9nd  some  of  the  mightiest  rivers  and  greatest  plains.  Topographically 
it  may  be  divided  into  three  distinct  parts,  each  possessing  different 
typographic  features.  First,  the  Himalayas,  which  form  a  great 
mountain  barrier  on  the  north  and  shut  out  the  rest  of  Asia,  forming 
Wk  controlling  factor  in  the  climate  and  physical  geography  of  India; 
second,  the  plains  of  the  great  rivers  issuing  from  the  Himalayas,  the 
Indus  and  (Ganges  plains;  and  third,  south  of  these  plains  a  high, 
steep-sided  table-land  supported  by  the  Vindhaya  Mountains  on  the 
north  and  by  the  western  and  eastern  Ghauts  on  either  side  of  the 
X>eninsula.  This  great  interior  table-land  is  broken  by  many  peaks 
and  mountain  ranges  separated  by  broad  and  fertile  valh^ys. 

The  Himalayas  take  their  name  from  an  Indian  word  which  means 
literally  "dwelling  place  of  snow,"  and  consist  of  a  great  mountain 
range  1,500  miles  long,  the  general  trend  being  from  northwest  to 
southeast.  This  mountain  range  may  be  likened  to  the  Sierra  Nevada, 
bordering  the  eastei^i  side  of  the  great  California  Valley.  Approached 
from  the  southern  or  plains  side  there  is  the  same  general  appearance 
of  low,  rolling  foothills,  the  higher  peaks  being  so  far  bac^k  from  the 
ed^e  of  the  valley  as  to  be  scarcely  discernible.  This  mountain  range 
or  aggregation  of  mountain  ranges  is  also  similar  to  the  Sierras  in  its 
composite  formation.  On  top  and  behind  it  is  a  high  arid  plateau 
which  corresponds  to  the  Nevada  desert. 

The  highest  peak  in  the  Himalayas  is  Mount  Everest,  lM),0()i>  feet 
above  the  sea,  )vhile  peaks  above  20,000  feet  elevation  al)ound  in  all 
parts  of  the  range.  There  are  numerous  well-travohMl  trails  loading 
from  India  through  Kashmir  and  Nepal  into  Tibet  and  China,  and 
the  passes  on  these  are  from  10,000  to  ll),00()  feet  high,  and  for  several 
days  the  traveler  remains  above  10,000  feet  in  altitude.  Only  one 
pass  is  as  low  as  10,400  feet. 

The  Indus  River  rises  well  north  of  the  first  great  range  of  the 
Himalayas  and  drains  nearly  half  of  their  northern  slope,  and  after 
flowing  around  the  w(*stern  extremity  of  the  ranges  it  turns  and  flows 
southwardly,  being  joined  by  various  tributaries  which  drain  th(»  south- 
ern and  western  slope.     Its  main  drainage  area  is  situated  at  vv  ^t.v^i'a.t 


altituilt^  aTiiong  Uw  ghituwm  of  the  Hini»Ui>ni».     lim  dmiDiigi?  bwnia 

Iho  n  i  TT  u  1 1  a  y  J 1  s  n  I  r  i  Tu*  t  >i  *i  I M  >ii  (.  3  'J ,  550  m\  1 1  h  r^  1 1  r  ;  i  rea ,  while  wiib 

it»  ftlUueiits  thc3  whole  Inishi  draitiB  31  l,G<K>«(|u,i.  i  j*i.lc*s,  Thij*  river, 
with  Its  limm^heB,  afTowU  th^  chief  sM>iirce  of  water  fliipiily  hikI  «lmiih 
agti  til  Mir^  provinces  uf  I*iimjah  and  Sincl. 

TIk*  EitiHlitNk8t€;ni  8 lope  of  the  Himalayas  1 8  clraUu^^t  t>y  ihe  Bmbmi^ 
putrn  River,  which,  likt?  f  h*i  Indimj rises  north  of  i  hv  iiiountaiii^  clmm^ 
ing  aboul  tnin-liair  nf  their  northern  slope,  and  afti^r  liTvakiiig 
the  Himalaya  Range  it  flows  wpstwardly  throiigli  the  vallfiy  of 
to  ittt  junction  with  the  (Mngusi  Ri\'«r,  100  miUi«  from  the  sea.  Hi 
dratna*^e  has  in  of  the  Hrahmaputm  north  of  the  TtitnHUyi»«<  jj*  alxiUi 
95, (MK)  hqnan^  inihiH  in  area.  Like  tho  Indus,  itn  upfn^r  hmtn  i*aii 
great  altitude.  As  yet  it8  waU^rn  art^  hut  little  um»d  for  irrigatina,  m 
the  eunntry  through  whieli  it  t1ow;s  gene  nil  ly  receiver  a  fair  raiaM, 
Theitv*.ira4r*3elevati<mol"  the  IntHan  waR^r.-^h^d  Ix^twoen  the  head wat^^ 
of  the  Hrahniaputra  and  Induii  livei***  i«  above  l8,iKlO  feet  in  alniu^k 

The  GanixeH  Klver  and  Hh  ttnbtitavteB  dmtn  the  larger  portion  of  Uip 
southern  slope  of  tbi*  Minmlayas.  The  catchment  area  hIk»vc  an  »*l^ 
vat  ion  ot  1,00(J  feet  is  very  j^  in  all  relatively  to  that  of  the  Indus  and 
BrahiTiaputra,  while  the  total  catchment  area  is  414^0(Hl  square  miJi^ 
Tills  river  tlowg  eastward  through  the  ^reat  plaiu8  of  the  North we>l 
Provin<^es  and  Bengal  to  its  junction  with  the  Brahmaputni,  whenit 
it  flows  southward  t^  the  Bay  of  BeiigaL  The  southwestern  Miojie  d 
the  Himalayas,  in  tlie  province  of  Punjab  (which  name  vneans  **Ti»(? 
Five  Waters"'),  is  drained  by  the  main  five  tributaries  of  the  fndu^ 
viz,  i)w  Sntlej,  Ravi,  ("benah,  Jhelam,  and  Indus  rivers,  all  of  which 
join  IjeliiW  Moo  I  tan,  wlienee  they  flow  southward  to  the  Arabian  Sea- 
All  thesr  rivers  an*  extensively  used  in  irrigation* 

The  isuutliern  ffjothilt  rangas  (►f  tlie  Himalayas  north  of  the  Punjab 
and  the  North wes§t  Provinces  are  from  3,fKX)  to  4,fK)D  feet  Ingli,  andaf^- 
called  the  Scwidiks.  Between  the  S»*walik  Hills  and  the  subdlima^ 
lay^i^  is  a  diseonnecled  line  of  valleys  from  1\<H)0  to  2,500  feet  in  alti* 
t  ud  6.  Th  ese  val  1  ey  8  a  re  ea  1 1  e<  I  th  v^  I )  u  n  s .  T  h  e  s  u  h  -  H  l  ni  a  I  ayas ,  which 
form  a  higlier  ranfr*:*  or  belt  of  hills  north  of  the  Duns  and  between 
them  ami  t\w  main  rang(\  are  fnini  15  to  50  miles  iu  width  north  and 
south,  and  are  Kometimes  separated  hy  several  sueeessivc  dun-iik*' 
valleys.  These  hitter  are  artificially  drained  and  enltivatt^l  in  plac«e 
and  are  very  fertilo.  In  the  sul)-Himalayas  are  the  mountain  resorts 
of  the  various  [)r()vineial  governments  of  India,  at  altitudes  varying 
between  7,oO()  and  S,()00  feet.  In  a  portion  of  the  northern  or  Ganize- 
tan  Plain  to  the  east  of  the* Ganges  is  a  broad  belt  from  10  to  15  miles 
wide.  It  is  a  broad,  ♦grassy  tract,  traversed  by  sluggish  streams,  \ntli 
extensive  morasses  and  marshes,  and  is  called  the  Tarai. 

The  great  northern  plain  stretches  with  an  unbroken  surface  along 
the  foot  of  the  Himalayas  from  the  upper  Indus  in  Punjab  to  the 
Ganges  (hdta  near  Calcutta  and   in  a  wide  valley  along  the  Hrahuja- 
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atra  called  Assam.  Its  area  is  about  500,000  square  miles,  and  it  is 
tt'where  above  1,000  feet  in  elevation  and  appears  to  be  perfectly  fiat. 
he  northern,  central,  and  eastern  portions  are  well  watered  by  rivers 
ftving  their  sources  in  the  Himalayas  or  in  tho  Ghauts.  Assam  lias 
X)eriodical  rainfall,  and  the  whole  of  this  northern  plain  forms  the 
Bst  cultivated,  the  richest,  the  most  populous,  and  the  most  civilized 
(strict  of  India.  This  plain  receives  the  water  of  four  great  river 
osteins — that  of  the  Indus,  of  the  Brahmaputra,  and  the  combined 
ftnges,  Jumna,  Sutlej,  etc.,  draining  the  southern  Himalaya  slopes, 
nd  the  Betwa,  Chumbul,  and  Soane,  draining  the  Vindhaya  Moun- 
fcins  and  northern  Ghauts. 

The  third  great  topographic  division  of  India  is  the  table-land 
efore  alluded  to,  generally  called  the  Deccan,  and  includes  the 
Central  Provinces,  Hyderabad,  Bombay,  Madras,  and  Mysore  The 
ighest  peaks  of  the  northern  Deccan  are  Blount  Aboo,  5,050  feet 
igh,  on  the  west  and  Mount  Parasnath,  4,450  feet  high,  on  the;  east, 
rbile  the  hills  generally  vary  from  1,500  to  4,000  feet  in  altitude  and 
onsist  of  ridges  separated  by  broad,  high  plains  and  masses  of  forest. 

The  eastern  and  western  Ghauts  are  great,  irrogulai-  ranges  of  moun- 
ains,  extending  the  whole  length  of  the  eastern  and  w(»stern  coasts. 
?he  eastern  Ghauts  average  1,500  feet  in  elevation;  the  western 
yhaats  ascend  sharply  from  the  sea  to  an  average  elevation  of  2,000 
eet,  with  peaks  varying  from  6,000  to  8,700  feet  in  height.  The 
western  slope  of  this  range  is  extremely  rugged,  having  mu<»h  the 
appearance  of  the  mesa  edges  in  the  western  United  Stiites.  The 
eastern  Ghauts  are  a  series  of  broken  spurs,  not  continuous  like  the 
vestem  Ghauts,  and  afford  easy  ac*cess  to  the  interior.  The  inner 
>lateau  between  these  mountain  ranges  is  from  1,0(X)  to  3,000  feet  in 
elevation,  dotted  with  peaks  and  ranges  over  4,000  feet  in  elevation, 
md  it  is  approached  through  the  western  Ghauts  by  only  a  few  diffi- 
5ult  passes.  The  general  appearance  of  this  country  is  very  similar 
»  that  of  northern  New  Mexico  and  Arizona  and  of  southern  Utah. 

The  western  Ghauts  form  tlie  watershed  of  tlie  central  plateau. 
3nly  short  streams  flow  from  them  into  th<^  Indian  Ocean,  the  main 
Irainage  making  its  way  eastward  across  tlu^  central  plat4»au,  break- 
ng  through  the  eastern  Ghauts  and  emptying  into  the  Hay  of  l>engal. 
The  chief  rivers,  viz,  the  Godaveri,  Cauveri,  and  Kistna,  rise*  in  the 
western  Ghauts;  their  deltas  in  Madras  form  extensivt^  and  fertile 
[)1ains,  which  their  waters  irrigate.  TIk^  chic^f  population  of  this  cen- 
tral region  is  on  the  eastern  slope,  and  here  irrigation  is  extensively 
practiced,  not  only  from  great  rivers  in  their  lower  or  coast  hovels, 
3ut  also  by  means  of  storage  in  the  westc^rn  i)orti()ns  of  Madras, 
tfysonj,  and  in  Bombay.  Of  tlu*  important  rivers  of  this  region  the 
Irainage  basin  of  the  Godaveri  is  110,000  square  miles;  that  of  the 
Kistna  is  59,500  st^uare  miles,  and  that  of  the  Cauv(»ri  :)0,300  square 
uiles  in  area. 
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Tlu"  iiotxi  di*whar)^0S4uf  1li«*  vitriouK  irreat  Indian  rivers  art*  i 
Tlic*  IndiiH  alHivp  Snkknr  rhseharges  asi  lii|^h  as  ;^8H,(XM*  Kr^iviTi 
wtiieh  iis  cquivnlunl  lo  J  A  .setvmil-f  e^'t  p»>r  squait^  mik^  of  eaitcll 
The  (Janges  in  ikHid  may  <li*R*hiir^o  IJ^iOjlKK)  »ccj*itid-ffet,  wh 
a  little  less  than  6  i^eoomUfeet  per  jiijiiiire  mik^  of  entehmeB 
GiTdaverl  dinchaiften  in  great  IJoodsi  1,350/K  JfJ  «€*eond-fet^ty  or  1 1  b4 
feet petr  nriuaif^  mil© ;  the> KiEitna  a  iittk^  Imn  tbnn  1,200,001*  ^vtm 
anil  Hi*  fttiiftll  a  !*tn^ani  aw  tho  8oane,  ri^in;^  hi  tin*  VliidhavHss  * 
euU*!  in  If  I  it  an*a  uf  about  34,000  squart?  inik^»,  disri 
«t4t*ond-feet,  <>qulv{iIeDt  to  SDaecoud-feet  per  squara  nii 
Oni^  rivt*r  in  Kontliern  IndiJi^  the  Gadanainatbi,  hitvintt  a  ^'aIct 
of  only  t't*  !s<juaro  mil*^.^,  d i. si ^h urges*  in  fiudd  i28,CHnKseeond'feet,  i 
seeond-tWt  jkt  sqnarc*  mile,  and  other  rivers  disehai^j^cj  nearly  a* 
rela  1 1  ve  a  in ii i i  n t^, 

Tbe  following  table,  giving  some  detiiiia  of  discharges,  etc.,  i 
on  ft  hkv^e  rivem  near  their  mouths,  is  taken  from  IIc*y  wood  :*" 


*liidhay«!S  % 

rljHr^fi*!<  1,« 
lile  of  {'Htr^U 


IHMchargrw  a/  large  Indian  riverM. 
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1'1h'  L;e(>l(»uy  (►!"  IndiM  vai*i<'s  witli  tliu  t()j)()<^rapliy.  'I'lic  irrral  u 
ern  plain  is  an  allu\'ial  deposit,  on  tlie  surface  of  wbieli  not  a  ]> 
can  be  found  exeeptiuii^  near  tbe  foot  of  the  liills.  Il  prol 
belon<j:s  lo  (lie  post-Tertiary,  jud<^in.L!;  from  a  few  fossil  niani 
fishes,  and  crocodiles  whicb  have  been  found,  and  is  i)r<)bal)l 
result  of  delta  deposits.  The  Sewalik  Hills  also  belon^i:  to  r 
,iCeolo<2;ic  limes  and  are  composed  of  micaceous  sandstones,  i 
spersed  witb  bits  of  clay  and  marl,  Iheirajire  bein«^  iMiocene  or 
cone.     Tbe  sub-Himalayas  belouiif  to  the  1'ei-tiarv  epoch  aiul   '<\ 


"Jackson  HydmuWf  NV«»Y\^-,l^onvVm,\>^vv.^£:ii. 


^lUBON-]  METEOROLOGY.  43 

marine  origin,  composed  chiefly  of  sandstones,  argillaceous  shales, 
schists,  and  limestones.  The  main  range  of  the  Himalayas  is  com- 
posed chiefly  of  schistose  rocks,  mica-schists,  and  gneiss,  and  some 
granite  and  limestone. 

In  the  Deccan  the  oldest  rocks  consist  of  gneiss,  which  is  found  in 
lar^e  portions  of  Bengal  and  Madras  and  is  pre-Silurian.  Tlie  gi'eat 
mass  of  the  central  plateau,  perhaps  200, 000  miles  in  area,  consists  of 
what  is  known  as  Deccan  trap,  wliich  forms  the  most  striking  phys- 
ical feature  of  tlie  landscape.  Most  of  the  great  ranges  of  mountains, 
with  their  rugged  outlines  and  the  square  buttes  or  ghauts  and  mesas, 
are  the  denuded  edges  of  basaltic  flows.  It  is  from  these  jagged  or 
step-like  ranges  that  they  receive  their  name  of  ghauts,  whieli  means 
"steps."  The  soil  is  largely  composed  of  disintegrated  laterite,  a 
ferruginous  and  argillaceous  rock  occurring  over  tlic*  trap  but  also 
found  elsewhere.  High-level  laterite  is  usually  a  result  of  the  decom- 
position of  trap,  and  the  soil  of  much  of  the  central  plateau  which  it 
forms  is  very  poor  in  quality.  Low-level  laterite  is  more  sandy,  often 
containing  gravel,  and  forms  most  of  the  l>etter  soil  fringing  the  coast. 

METEOROLOGY. 

Tlie  rainfall  in  India  is  exclusively  from  the  evaporation  of  the 
Indian  Ocean  and  the  two  bays  which  surround  the  peninsula.  The 
distribution  of  rainfall  is  extremely  variable,  ranging  from  a  couple 
of  inches  per  annum  in  portions  of  the  Sind  to  over  600  inches  in  a 
limited  area  in  Assam.  By  far  the  greater  part  of  the  rainfall  is 
brought  direct  from  the  ocean  between  the  months  of  June  and  Octo- 
ber by  the  regular  periodical  wind  known  as  the  summer  monsoon. 
In  uj^per  India  the  cessation  of  the  summer  rains  is  followed  by  a 
rapid  fall  of  temperature  under  a  perfectly  clear  and  cloudless  sky. 
A  cool  and  dry  current  sets  in  from  the  northwest,  down  the  (Ganges 
Valley  toward  Bengal  and  from  the  north  across  the  northern  Deccan, 
south  of  which  it  turns  and  sets  tx:)ward  the  Bombay  coast.  Tlie  pla- 
teau of  Hyderabad,  Madras,  and  Mysore  receives  a  small  amount  of 
rain  in  October  and  even  later.  In  lower  Bengal  and  on  tli<»  coast  a 
few  inches  of  rain  are  expe(*t(Kl  in  October  and  are  of  importance  to 
the  late  summer  crops  and  in  sowing  or  germinating  cold-weather  or 
autumn  crops.  The  latter  part  of  October  and  NoviMuber  and  tlie 
earlier  portion  of  winter  in  northern  India  arc  generally  rainless.  Tlu^ 
late  winter  rains,  which  an^  small  in  amount  and  are  regular  only  in 
upx^er  India,  rarely  set  in  much  before^  January. 

With  regard  to  this  periodi<»  distribution  the  rainfall  in  dilT<M'ent 
I>arts  of  India  may  b<^  summarized  thus:  From  June  to  Se[)tember 
rain  falls  more  or  less  heavily  thi-oughout  the  entire  area,  (excepting 
upon  the  dry  i)lains  of  th(^  Sind,  where  it  is  extremely  rare  and  some- 
times fails  altogether.  In  a  portion  of  the  Punjab  and  in  the  Carnatic 
the  summer  rain  is  restricted  to  occasional  showers.     In  Octol)er,  when 


the  mi!i«  hiivii  eeiwH^l  itj  uppt^r  ludin^  BougMl,  nu*,,  ilii.^  lu*nvy  ruins  of 
Mndras  not  in  «ntl  conlinue  utjIiI  Mip  miildleor  en*\  («f  t>t:i*.N?mli<»fT, 
AtHiut  tlii^  timi^  iK'giii  ihc^  li^ht  niiu^^of  upper  liuliH*  which  arf>ex|k'' 
rienced  in  the  Northwe*tt  IV>\  iuo<*H  iind  fall  nt  interval  to  the  K*nd  of 

M n  r* 5 h ,  H f t  e  r  w  h  h * h  t } i e  d  ry  st * iunou  ^ ^( m ti  n  ues  t  i  U  t  h**  c^ ii *1  <> f  J  u  n^,  X\m' 
bi^giuriaig  of  thi^  luoimoori.  lu  h>w4M*  Bf^n^al  ancl  m  A^HHin  ihv  mm 
^iMOoiiiii  muiti  fnoquent  fmni  Jatniarj  on,  aiid  are  <5hit**l>^  itfk^nifNiii 
rtt'OrniH.  On  tho  count  *rf  Miilaijar  1}i*\v  hi***  ttHrli<M*  than  in  Ikvmlmv. 
lu  Madras  fM!wi«ional  «fiuwin'»  nri'  i*xtH>ct4*<l  after  Ki?l>ruary,  but  ihv 
Btaady  rain  liej^tats  only  in  Octub^r, 

In  tho  Gi^ng&s  di^Ita  tbt^  mean  luinual  predpitutioD  m  from  f>0  to  7^ 
inrht*?*.  On  tho  great  phiin,  including  the  K^^rthw€^8t  Provmeea,  ii 
averages  40  Innh^'^s,  and  at  thentinimlt  of  the  great  plain  wtint  of  Delhi 
it  vane^i  fnini  25  to  30  inohew  per  annunK  At  the  mountain  iss rations 
in  th<.'  Kuli-IlinuilayaH  tljti  annual  proeipiUition  rangtr^i  from  *J0  to  \ii^ 
iuehef**  Karthi^r  in  th*.*  Himalayas,  at  an  elevation  of  11).0(.K)  fcietor 
abovt%  tlio  rainfrtU  is  only  10  or  20  inches*,  while  i\w  snowfall  may  t^p 
6  to  8  fetit  or  uiorf\  There  m  a  difference  of  from  10  to  to  Inch* 
b€tT^*een  the  procipitation  over  the  southern  and  northern  |KJrtionsof 
theGangetan  Plain,  In  the  Pnnjah  t ho  higlies^t  average  preeipitatioQ 
ia  in  the  sub-llimala^^aiis  where  it  is  GB  inches  per  annum.  At  Mool- 
tan  it  is  Init  7  inches  i>t*r  annum,  which  in  a  low  average,  and  at  D*ff)* 
lamail  Khau  the  annual  pn^oipitation  ie*  8.2  inehe*;*  per  annum,  aearl)* 
th  e  av^erage  of  t  h  e  P  u  n  j  a  b .  In  cen  t  ral  T  nd  ia  t  he  an  n  u  a  1  p  rec  I  pi  t>atiim 
in  the  iower  landt^  varies  lietween  20  inches  at  Jeypur  and  32  iiieht^ 
at  Klumdwaj  while  the  minimum  in  the  mountains,  such  as  Mounl 
Alioo,  IS  01  inehesi. 

In  tiie  Northwest  Provinees  the  general  average  is  2G,5  inches  at 
Mntlira  oi-  Afjrra,  wliile  Alijijjiirh  has  a  minimnin  of  2-t  inches.  In  Bengal 
the  maximum  average  on  the  coast  is  10/)  inches,  and  the  miuinimn 
average  on  th(^  plains  at  I^atna  is  o>>  inches.  In  Assam  atC'hara  Punji 
the  maximum  average  of  the  world  is  reached  in  an  annual  precipitation 
of  3(IS  in(*lH^s,  wliih^  in  th(^  same  place  in  18G1  80  inches  fell  in  twenty- 
four  hours  and  SOo  inches  fell  durinir  that  year.  In  IJomhay  in  the 
western  (rhauts  the  nuiximum  averap'  is  250  inches,  and  the  minimum 
average  in  the  lowlands  at  Duhlia  is  17  inches.  The  general  average 
of  Bombay  is  «)7  inches.  In  the  Sind  the  maximum  average  of  10 
inches  is  at  >.'cgai-,  and  the  minimum  average,  4.:]  iu(*hes,  at  Jacoha- 
bad.  I7i  Madras  the  higlu'st  annual  precipitation  is  1.'52  inches  at 
Manalore  and  Calicut;  the  lowest  at  l>clary  aiid  Tuticoriu  is  from  lo 
to  IS  inches,  the  av(u*age  of  IMadras  being  44  inches. 

The  following  average  annuid  tcmpeiatures  at  different  points  in 
India  indicate  the  tropical  character  of  the  elimate  and  the  small  per- 
centage of  cold  w>^at  her  whieh  prevails.  At  Trichinopoli  and  Madras, 
on  the  soutlu^ast  coast,  the  annual  averages  are  82. S'  and  82.4'\  respec- 
tively.    On  the  southwest  coast,  at  (ioa  and  Cochin,  the  annual  aver- 
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age  temperature  is  nearly  80°;  at  Calcutta  it  in  70.:?°,  and  at  Bombay 
'78.8'',  the  latter  city  l>eing  the  coolest  of  tlie  three  presidency  towns, 
^t  the  hill  station  of  Simla,  at  an  elevation  of  7, 1(H)  tVet,  the  average 
cam ual  temperature  is  54. 4°.  The  highest  monthly  tempcratn re  occui-s 
»t  Mooltan  in  June,  and  is  05°;  at  Delhi  it  is  04.3°.  Tlie  lowest 
monthl}^  temperature  is  at  the  high  hill  stations,  l)eing  at  Simla  30. G° 
In  January. 

FORESTRY. 

In  recent  years  the  British  Indian  government  has  i)aid  much  attt»n- 
tion  to  the  lirescrvation  of  its  forests,  and  is  now  reaping  tlic  1  benefit 
in  the  large  income  derived  from  the  sale  of  timber. 

The  establishment  of  th(^  government  department  of  forestry  is  of 
recent  date,  brought  about  by  the  destriu*.tion  of  fon^sts  for  fuel,  for 
charcoal,  and  other  wasteful  causes.  In  1844  and  1S47  the  subject 
was  fii-st  taken  up  by  the  governoi*s  of  Bombay  an<l  ^ladras.  In  18G4 
Dr.  Brandis  was  appointed  inspector-general  of  forestry,  and  in  lSri7 
the  regular  training  of  forestry  officers  was  commenced  at  the  schools 
of  France  and  Germany,  where  it  is  still  continued.  At  present  dis- 
criminate timber  cutting  is  allowed,  but  thc^  burning  of  hill  l)rush  is 
stopped;  the  forest  areas  are  surveyed  and  demarktKl,  plantations  laid 
out  and  maintained,  and  forestry  conservation  otherwise  carried  on. 

Forests  are  classified  as  reserved  and  open.  The  former  are  the 
immediate  property  of  the  State  and  are  managed  by  th<^  forestry 
department,  their  development  being  a  source  of  wealth.  Cattle  arc* 
excluded  fi*om  them,  destructive  crops  and  undergrowth  destroyed, 
and  the  cutting  of  timber  is  strictly  regulated.  The  oi)en  foi-ests  are 
less  carefully  guarded,  but  certain  kinds  of  timln^r  treses  an^  protected. 
Large  amounts  of  money  are  annually  spent  in  the  plantations,  and 
wherever  needful  young  trees  are  planted  to  replace  those  removiMl. 
In  1878  there  were  12,00(),(M)0  acres  of  reserved  forests.  The  revenue 
was  $3,320,()(X)  and  the  expenditures  ?5i\()0(),()()0,  showing  a  fair  net 
profit.  Ten  years  later,  in  1888,  there  were  4:j,r)i>(),{)()0  acres  of  State 
forest  land,  the  net  revenue  after  deducting  all  working  <'\p(»nses 
being  %2,02(),000. 

The  British  officials  generally  hold  that  the  etlVct  of  forest  denuda- 
tion (m  rainfall  is  doubtful  and  much  disputed.  Contrary  to  what 
might  have  been  expected,  there  is  no  evidence  to  show  whetlier  tin* 
actual  rainfall  has  decrease<l  or  increased  in  conse(iU(»nce.  They  all 
agree,  however,  that  forest  d(*stru(»tion  has  acted  injuriously  by  let- 
ting flo(Kl  waters  run  oft  too  rapidly  and  that  thi^se  waters  are  lost. 
They  also  do  much  damage  as  floods.  Three-(|uarters  of  a  century 
ago  immense  tracts  of  southcMu  India  were  oversj)read  witli  juiigle 
and  the  slox)es  of  the  (rhauts  were  universally  timber  cla<l.  Most  of 
the  level  w<x)d land  has  since  been  clearcMl  for  cultivation  and  the 
timber  cut  down  for  fuel.     But  another  and  scarcely  less  evil  has 
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resultt^d.  Formerly  the  watar  wbh  partiaUy  prol-octo*!  froni  evap*>r8- 
tion  by  iht}  »iu*ltenn^  tro*'8.  Its  flow  on  the  surfacif  was  liiet^haiiicHllj 
rodiHHHl  by  tho  juiigk^  f^ra^  and  tree  truuke;  it  hud  tinu*  to  bt' 
ftb«orl)cMi  by  th#^  vi.^got^ble  mold  and  Uy  sink  iut4>  the  e-sirtli,  Ihumbjf 
iiii*^urin|t:  tbo  jR^rrnanr^nee  of  the  natural  8pnii|E:s,  Not  till  f  lib  was 
duuc  did  thu  it^ssutue  find  it«  way  to  the  rivers,  and  then  at  a  cotnjiar* 
atively  tardy  imei*.  Now,  however,  bb  a  rule  the  rivei-s  are  in  violent 
flcKid  for  about  as  nmiiy  days  as  they  iiBOcl  to  bt*  for  weeka  in  moderate 
flood/* 


dTlion'&Ufti^  W,  T.T  JaUftMl  of  tba  Bi»d«ty  <ii  iJtA,  Loudoto,  laTi^  r^.  JO,  p.  fi?a 


CHAPTER  III. 

HISTORY  AND  ADMIT^ISTRATION. 

HISTORY  OF  IRRIGATION  WORKS. 

mong  the  first  mention  made  of  the  irrigation  works  of  India  are 
^e  of  Arab  historians  of  the  works  constructed  by  tlie  early  Mo- 
iinedan  emperors  in  the  Northwest  Provinces  and  in  the  I^injab. 
ill  works,  especially  tanks,  probably  existed  at  mueli  (»arlier  dates 
outhern  India. 

;  is  related  that  about  1351  A.  D.  the  Emperor  Feroze  Toghlak 
It  50  dams  across  rivers  for  the  promotion  of  irrigation  and  30 
^rvoirsfor  irrigation  purposes.  The  first  important  canal  specific- 
•  mentioned  was  built  by  the  same  emperor,  and  was  taken  from 
Chouting  River  to  Ilansi  and  Ilissar.  Fifty  years  later  this  canal 
ame  partly  disused  after  the  emperor's  death.  The  next  important 
ition  of  irrigation  work  is  that  the  great  Emperor  Akbar  const ruct/ed, 
507,  a  canal  from  the  river  Jumna.  It  is  stated  that  this  canal 
I  constructed  by  the  aid  of  forced  labor,  but  the  laborers  had  privi- 
es thereafter  of  using  the  water,  and  the  superintendent  saw  that 
parties,  rich  and  poor  alike,  received  their  share.  This  was  the 
t  Western  Jumna  canal.  In  1620  the  Shah  Jehan  had  the  cele- 
ted  architect,  Ali  Murdan  Khan,  construct  the  Delhi  Canal,  which 
ows  much  the  same  line  as  does  the  present  Western  Jumna.  At 
t  this  canal  was  constructed  on  a  high  bank  following  the  water 
rses,  but  the  banks  burst  and  the  canal  became  inoperative.  The 
hitect  then  ran  a  new  line  as  far  as  Delhi,  following  the  water- 
d.  On  this  canal  an  escape  was  introduced  for  the  discharge  of 
plus  water.  It  had  one  channel  (K)  feet  in  depth  cut  through  solid 
k.  About  1753  these  ancient  Mogul  canals  ceas(Ml  to  exist,  owing 
he  dv'cline  of  the  Mogul  power  and  to  the  constant  wars,  which  at 
t  time  prevented  their  being  kept  up. 

'he  P^astern  Jumna  Canal  was  also  begun  by  Ali  Murdan  Khan  and 
ded  at  the  foot  of  the  sub-Ilimalayas.  This  canal  reached  to  Sahar- 
mr  and  beyond.  It  was  abandoned  after  the  first  season,  owiiig  to 
ba<l  alignment,  as  it  was  constructed  in  the  lower  drainage  lines 
1  bottoms.  In  1780  Zabita  Khan  reopened  this  canal,  hut  it  was 
ried  away  during  the  first  season  and  was  then  abandoned. 
Tie  first  of  the  modern  irrigation  works  of  magnitude  was  com- 
nced  under  the  Manjuis  of  Hastings  in  1817,  wlien  Lieutenant 
.ine  established  the  head  of  supply  of  the  Western  Jumna  canal  at 
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a  iHHUt  high  up  out  hut  river.  This  work  was  pnu^tieaUy  a  r^iomim 
of  thi*  oltl  Moij^ul  caiiat,  foUcnving'  jimi  tmiug  thi^  luw  liiif*^  <if  tlmiDH^ 
to  Delhi.  No  bihlgos*  wore  constrULfted  and  only  e^iith  etnb»u kmetiU 
wore  iiHc4.  T\w  now  Uevelopnjent  of  thet^  t'^nuis  m  ilue  lu  CoL  Jiifta 
M.  Col V in,  wlio  ill  IK:*n  t^xk-udetl  the  above  i*roji*cl  bcvvonfl  Ih^lii^aad 
uuimlfTitrUMl  many  bridgejs  and  dtninage  wurks.  Tim  ytMirs  ktorthe 
c*arlh  fmnksi  iH^ro»i^  l.he  drainages  of  Patrabi  Samiie  wbtb  jepUi<>Hl  W 
inHH>Eiry  daiim. 

The  Uut?  of  thf*  Ea^t^ru  Jumna  canal  was  surveyed  iii  I8*J!2  by  Lka- 
tenant  Uehude,  and  the  fmiml  waa  uptHiotl  in  IS'iO.  Tlie  nncneut  W 
WiiH  4'b*ar*Ml  tti  a  depth  of  4  feiit  Iwlow  the  siirfa^'e  b*v*d  iiihI  ut^enml 
H  iie^'  Hli^itnitMit  wjis  uiH<]e  whieb  wan  fairly  i^tx id,  foUowing  u[»tltt 
bij^du^Hl  (lividf*  or  \Viit*.ir^(liMd.  Owin*^  lo  the  »(4*epnes8  of  fall  giYeilli|i~ 
\\ r&l.  I  b o  I e V e I s  i v t ro^ i*hiI ed  iin *  1  n en r ly  dc*! t rtiy im  1  t h e  ea na L  ( '^ *kittd ' 
Call  I  ley  reeiiliod  thtsiby  thelntroduetiou  of  fallis,  and  in  1840  In-  iniM^ 
duLH^d  belter  worki*  for  the  piL8«nge  of  side  drainage. 

Up  to  this*  time  the  irrigaiiuu  works  of  India  had  b**eii  <?on.stnH'W 
chielly  by  the  East  India  Company.  In  1858  the  Govern iin.*nt  j^mnid 
the  Madras  Irrigation  t-ompany  and  Eaat  India  Irri|i,'aliuTi  i  oin[*aii>^^ 
[Kirt'eni  on  the  eapit*il  invewt^^d^  and  these  compftnies  etunmpneedthr 
oonBtrurtion  of  works,  tJie  Government  retaining  cMins^idorHble  com' 
niantl  over  their  operationii,  in^iR^eting  the  plans  and  sanctic^niiii^  tbr 
exiKt  n  d  i  t  u  n*s .  Botti  o  f  these  ex  pe  r  i  me  n  tB  pro  ved  cost  \y  f a  i  1  u  res  t  o  the 
St-ate,  and  in  18<i7  the  Government  piirchasefl  the  works  of  the  fM 
lmVn%  Irrigation  Company  whfjn  the  latter  was  pra*3tically  bankropt 
'Ihv  Madras  Irrigation  Conii>aay  has  Huecee^ted  oul^'  one?  yi*ar  in  |wn- 
ing  workinj^  ex|xaises,  but  still  carries  on  work  under  Govern raeDl 
l^uaranty. 

In  1KIj7  the  Government  decided  to  construct  it^s  own  irris^aiiou 
works  and  great  activity  prevailed  at  onee,  the  Govern  men  t  irrigaM 
f 0 re t *  btii n f:  la rge  1  y  i n e ri*a se<I .  In  1800  se Ii e n i es  for  t (:* n  }■  e a rs"'  wort 
involving  ^15U,(>iH)^tH)n  i^xpenditiires,  wert*  ontlined,  and  the  foUowtuf 
sums  were  exp('n<lrd:  In  ISCT,  %l,01Hi,OOU;  in  18G8,  82,344,i\>a;  in  18fi9, 
$  1 0, ( ! ¥^^0i  \i\  and  srj  on.  T he  U  »t a  1  ex pv. n d  it  u veB  f o r  tl i e  fi I'ls t  le a  y^fkn 
at*lually  aniounied  to  g>52,8oO,titKl.  Since  then  the  Government  works 
have  gi^ne rally  [H-ovrd  satisnu^tiiry  invest  men ts,  and  as  they  hsive  cer- 
tainly fnJih'd  tt>  tlu^  vseallh  and  prosperity  of  the  country  and  havi' 
niitigatrd  I  he  severity  of  famines^  large  sums  have  been  annually 
approprjah^tl  for  tlo'  maintenance  of  existing  works  and  Uo^  eonstrui'- 
tion  of  new  ones. 

ADMINISTRATION   AND   LEGISLATION. 

Tin*  administration  of  the  irrigation  Winkstjf  India  is  cnndiicietl  bv 
the  fHiblie  works  department,  ami  the  engineers  are  all  civil  si^rvaiii> 
in  tin*  employ  of  the  British  Go  vera  me  at.  Their  status  is  lixed  *">' 
law,  their  promo titms  are  usually  by  seniority,  as  in  t lie  army  and  navy. 
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ind,  like  the  members  of  those  branches  of  the  governmental  service, 
ihey  receive  stated  salaries,  according  to  the  grades  they  occupy. 
rhey  are  entitled  to  leaves  of  absence  and  furloughs,  and  are  retired 
with  pensions  after  certain  periods  of  service. 

By  parliamentary  act  of  August  2,  1858,  all  the  territory  of  India 
wras  vested  in  Her  Majesty  the  Queen.  All  tributes  and  payments 
are  received  and  disposed  of  in  her  name.  In  the  British  cabinet  the 
secretary  of  state  for  India  was  vested  with  the  powers  previously 
held  by  the  board  of  control  under  the  old  East  India  Company  ri'»gime, 
and  later  on,  by  act  of  January  1, 1877,  at  Delhi,  India,  Her  Majestj' 
assumed  the  title  of  Empress  of  India. 

The  executive  authority  of  India  is  vested  in  a  governor-general 
called  the  viceroy,  who  is  appointed  by  the  Crown  and  acts  under 
ortlers  of  the  seci*etary  of  state  for  India.  He  is  empowered  in  council 
to  make  laws  for  all  persons,  whether  British  or  native  subjects,  for- 
eign or  otlierwise.  Tlie  governor-general  has  a  council  of  seven  mem- 
bers, whom  lie  consults  in  the  formulation  of  all  laws. 

Of  the  larger  x^residencies  the  governors  of  Bombay  (including  Sind) 
and  of  Madras  are  separately  appointed  by  the  Crown,  and  have  each 
their  own  council  and  civil  service,  and  in  all  ordere  they  directly 
address  the  secretary  of  state.  Bengal  and  the  Northwest  Provinces 
have  lieutenant-governors  and  a  legislative  council,  but  these  officers 
are  appointed  by  the  governor-general  of  India.  The  other  minor 
provinces  have  lieutenant-governors  or  commissioner  magistrates,  but 
no  councils  or  legislative  powers.  Each  province  is  divided  into  dis- 
tricts, at  the  head  of  which  is  a  deputy  commissioner.  Below  this 
officer  is  a  commissioner  and  joint  magistrate,  a  deputy  collector,  and 
minor  officers. 

India  is  divided  into  British  territory  and  the  native  states.  The 
former  is  governed  as  above  described,  the  latter  by  native  princes, 
with  the  help  and  advice  of  a  resident  at  his  court  who  is  called  a 
political  agent  and  whose  duties  are  purely  diplomatic.  The  highest 
land  officer  in  nonregulation  provinces,  as  the  Central  Provinct^s  or  the 
Punjab,  is  a  deputy  commissioner.  This  officer  collects  revenues  and 
administers  civil  justice.  He  is  the  unit  of  administration,  the  sole 
responsible  head  of  his  jurisdiction,  and  on  his  energy  and  character 
largely  rests  the  efficiency  of  the  Indian  government.  In  India  there 
are  252  districts  under  deputy  commissioners.  These  districts  each 
average  in  area  3,800  square  miles,  and  have  each  an  average  i)()pula- 
tion  of  800,000.  They  are  divided  into  divisions,  and  these  again 
subdivided  into  the  ultimate  unit  of  subdivision,  whi(*h  is  known  as  a 
tiihsil.  The  subdivision  is  in  charge  of  an  assistant  magistrate  or 
executive  officer,  and  the  tahsil  is  in  charge  of  a  deputy  collector  or 
fiscal  officer.  Land  is  the  main  source  of  revenue  of  the  Indian  gov- 
ernment, and  hence  the  levying  and  collection  of  the  land  tax  is  the 
main  work  of  the  administration  of  that  government. 
IRR  87—03 4: 
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In  Batif^nl  penfiiiuent  «ettl«^ meets  have  lieen  largely  miult*,  Tbt 
lEemiiitlar  or  headmjin  of  a  village  makes  the  payment  for  the  whole 
village*  t<>  th€!  govprtnnt?nt,  he  taking  from  each  euitiv»t*jr  his  porUoD 
^Df  ri^ venues  and  retaining  for  himself  a  pro|iartioii  of  the  Bama.  hi 
Mac! raw  the  enlti Victor  18  the  rent- pay in|r  unit,  bb  the  ^amindar  h  in 
lk*ngah  la  IJombuy  reveimt*  settleiueni  is  proeeecled  with  as  ebw^ 
Iwli^nj,  onl3*  iti  nion^  detail,  by  a  ea refill  revenue  land  stir>'^ey.  Eiich 
fi eld  ij*  ! lui rk  1  h1  o n  t^  i n ei m u  nn  1 ,  a 1 1 d  asst*s.se<  1  sepa ra t4>ly ,  Th  is  method 
is  simple,  its  the  go%*ertnnent  nxH^ni^es  titdy  the  owner  of  each  field. 
With  thcBe  owners  termn  of  settlement  are  mad<*  for  periods  of  thirty 
years.  In  the  Northwest  Pi-ovinceH  aud  the  Punjab  the  village  is 
taken  fwi  the  unit,  oh  is  the  eiise  in  Bengal,  and  the  payment  bt  ma4e 
to  tlie  government  by  the  village.  Terms  of  settlement  are  n\m*  made 
there  ft»r  peri  wis  of  thirty  yeai^. 

In  order  to  convey  a  elear  understanding  of  the  nietluHt  of  promo^ 
tfug  irrigation  development  in  Indta^  it  is  essential  lirwt  lo  give  a  brief 
outline  of  the  present  attitude  of  the  English  rulers  t4> ward  irrigation, 
At  first  th©  government  permitted  prii^at**  eorporationH  to  eonstntet 
and  operate  irrigation  works,  the  earliest  work  planned  by  Britisb 
engineers  being  undertaken  by  a  privates  eorporation  on  a  guaninlf^ 
of  interest  by  the  East  India  ( -ompany.  During  the  last  thirty  years 
the  govoninieut  has  been  a<*tive  in  tin*  prt>motion  and  eonstraetioti of 
nearly  ail  good  wtu-kw  pngtH^l-tHl*  Theai*  projeel**  ar<j  8tndienl^  exjuij- 
!ne<U  and  ft*iK>ft^>d  on  nsnally  8e%Tral  times  during  a  saries  of  yearn 
and  when  the  government  is  finally  satisfied  with  them,  either  m 
finaneial  investments  or  as  measures  for  the  rtdief  or  pr^^vention  of 
famine,  the  work  Is  sianetioned  and  the  funds  for  its  coustruolion 
appiH.>priat-<^d. 

The  govern m*^nt  r>f  India  is  as  a  rule  greatly  in  favor  of  the  ejcten- 
sion  of  irrigation  works.  It  encourages  enterprises  by  granting  lomt 
funds  for  the  eons^truetion  of  w^orks  whenever  it  ean  be  proved  thai 
profit**,  inerefisi*  of  inten^st,  an<l  all  the  maintenance  charges  will  prolifr 
bly  be  derived.  It  also  const r nets  works  as  a  means  of  famine  relief 
in  certain  plaees,  even  when  profits  ean  not  U*  obtained.  The  gof- 
ernment  further  fosters  the  use  of  irrigation  waters  by  making  tlie 
water  rates  very  Ir^w,  or  by  even  giving  water  away  in  years  of  scarcity 
As  shown  in  the  succeeding  acts,  the  government  of  India  lias  entire 
control  over  all  sources  of  water  supply,  and  so  exercises  it  as  to  make 
it  the  greatest  benefit  to  the  community  at  lai-ge.  The  powders  of  con- 
trol over  tlie  waters  for  irrigation  are  entirely  centralized. 

Each  province  of  India  has  a  separate  branch  of  tlie  Public  Works 
department,  known  as  the  irrigation  branch,  at  the  head  of  which  is 
a  chief  engineer,  generally  also  secretary  to  government  of  that  prov- 
ince, and  overall  the  chiefs  of  engineers  is  an  inspector-general  of  irri- 
gation, attached  to  the  staff  of  tlie  governor-g(meral  of  India.  The 
officers  in  the  upper  grades  of  the  irrigation  branch  are  nearly  all 
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Iopean8,  »n<l  are  recTiiited  from  the  royal  onj^iiioors,  or  from  civil 
|faieer8  educated  in  well-known  colleges  either  in  England  or  India, 
e  civil  engineers  from  England  receive  a  technical  (Klucation  at 
opers  Hill  College,  and  the  majority  of  those  from  India  are  edu- 
tod  at  the  Thomason  Civil  Engineering  College  at  Roorkee,  or  at  the 
l^ges  in  Bombay  or  Madras.  The  lower  grades  of  officers  are  com- 
led  of  selected  noncommissionc^d  officers  and  soldi(»rs  and  from 
tives  who  have  i)assed  an  examination  aft(»r  studying  for  a  i)criod 
some  college. 

Hie  chief  engineer  is  the  head  of  the  department  in  the  [)roviiice, 
i  this  latter  is  divided  into  circles  presided  over  by  suj^erintcnding 
pneers.  Each  circle  is  again  divided  into  divisions,  ov<m-  which 
BCUtive  engineers  preside.  Each  division  is  again  divided  intosub- 
risions,  of  which  there  are  generally  sev(u*al  under  the  chargtM)!*  an 
QStaiit  engineer.  Tliis  concludes  tlu^  list  of  the  u[)pcr  grades. 
fcder  the  assistant  engineers  again  come  the  lower  grades  of  subor- 
lates  who  have  charge  of  the  diilerent  works. 

Besides  the  engineering  establishment  i)roper,  there  is  the  revenue 
•blishment,  which  works  in  conjunction  with  it,  ami  whose  duties 
)  mostly  concerned  with  the  administration  and  the  uieasun»ni(^nt 
the  fields  for  jissessment.  This  esta]>lishment  consists  chielly  of 
tives,  and  is  presided  over  by  a  dex>uty  magistrate,  under  whom  are 
Ahdars,  ameens,  and  patrols. 

ill  of  the  upper  grades — that  is,  from  the  assistant  engineers  upward, 
eluding  the  deputy  magistrate — have  to  pass  an  examination  in  canal 
r,  and  are  given  magisterial  powers,  which  enable  them  to  inflict 
nishments  for  breaches  of  this  law.  The  powers  conferred  vary 
\ik  the  standing  of  the  officers.  The  executive  engineers  may  pa.ss 
estimates  within  certain  limits  connected  directly  with  the  construc- 
n  or  maintenance  of  works  in  their  division.  All  estimates  involv- 
f  considerable  expenditure  are  sanctioned  by  the  superintending 
pineer within  certain  limits,  l)eyon(l  which  the  sanction  of  tlie  chief 
^neer,  practically  that  of  the  government  of  the  province,  isre(iuired. 
[large  projects,  such  as  a  new  canal  system  or  storage  reservoir, 
wtiOthe  inspector-general,  and  are  referred  by  him  to  the  govern- 
tnt  of  India  and  to  the  secretary  of  state. 

rhe  rules  and  regulations  by  which  waUn*  is  served  to  cultivators 
J  detailed  in  the  canal  acts  given  furthcM*  on.  In  inigaling  distiicts 
ter  is  served  to  cultivators  on  certain  days,  VcM*v  often  on  three  days 
one  week,  or  possibly  they  are  allowed  to  use  it  during  one  week 
d  are  deprived  of  it  for  another.  The  period  in  whicli  tliev  are  Jiot 
owed  water  is  known  as  a  period  of  'Matil,"  an  Indian  wonl  nican- 
jclosed.  Breaches  of  '' tatil,"  or  the  taking  of  water  when  its  use  is 
tallowed,  render  the  individuals  committing  the  act  lial)leto  fine  or 
prisonment.  The  executive  engineer  of  t  he  division  has  (Mitire  con- 
1  over  the  distribution  of  the  water,  and  comx)laints  regarding  strar- 
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city*  repiiirs,  i[ii^ip[iropriationB  of  watjer,  ek?*,  are  all  referred  lo  hm,^ 
and  ho  either  deeides  them  himself  or  empowers  the  supt5rvisari8l  ofi- 

cer  or  deputy  nirtifistrat*.^  to  do  .*$*>.  The  assiHt^int  engineer  Is  *;t?iieral1j 
ji  Kun.)|>ean,  and  hiM  right-hand  nmu^  as  far  as  irrigation  fnatu^mart 
e/me^jnied,  18  the  deputy  niagistrate,  who  U  generally  a  native  of  mm 
iiUuidmg  and  edueatlon.  The  a^sHmtant  engineer  ha?i  rriHgi^ti^nil 
pu\vi*rs,  aiul  hL*  tirio^  in  hirgely  employed  hi  trying  i*a%iv'^  mitl  wtlliaf 
dL'^piili>s^.  Zilnhdnr.H,  cif  \vlii(*h  1  ht*re  are  generally  twu  inifk*r  tl'K' 
ant  eujyrlrieer,  havi?  uutler  Wnnu  Ti  or  6  ameens,  uoder  wliom  are  it^m 
S  to  10  patrtjls*  These  hitU^r  note  the  he  Ids  a^  they  are  i  rri  gated,  aiui 
when  tht'  iiTigatum  Ih  eoraplete  their  mejisurenient  is  made  bTtfet 
ameen,  the  wholu  being  superintended  hy  the  zilahdar,  wliijishfld 
K*f*poasible  for  the  oarreetness  of  the  niea.su  reuient, 

Tiit^  first  aet  twi'aring  with  any  importauee  on  inigiiUon  lejrisltttJift 
w at»  A e i  V 1 1 ,  hi' t h <*  go vt? rn 4 ir-g^ n e ral  o f  I u d i a  in  eo n n i.* i L ^  pii^?^^ J  AfA 
12^  1845,  and  entitled  '^  An  act  for  re^ulatinj^  ttie  levying  of  wi 
renl^  tolls,  and  due8  on  certain  eanaisof  irrigation  eonstruete"!  Itvth^"" 
government  in  the  Northwest  Provinc**s*  and  the  proteetiou  nf  ^aI 
eanals  from  injury,''    From  elausiea  in  thin  act  the  foUowing  exti 
an*  made: 

Anfl  it  is  hereby  etiactiid  thut  Ujr  snUl  Uetitt^aiint'govi*mi>r  of  the  Norilr 
l*Ti  (vincew  hViall  \m  comi^etent  tii  draw  ont  rales  to  rogii1ati:»  th*+  levy  of  wnt^f 
»nd  tht*  stiijply  of  water  for  irri(fatiou,    «    ♦    *    tjh*  ^iilt^  thus  dniwti  cmt 
be  pnhliHhed  for  general  iiifonDatinn  in  the  OovemineTit  (Gazette, 

And  it  is  hereby  enacted  that  all  balanrei^  of  water  rent  due  for  Ituuls  irtiiziiUd 
by  tlit^  can  ill  shall  be  k^vied,  dtluT  by  ti*mti<irary  deprivation  ftf  thi-  1h  m  tiL^i':  (nt 
eiiiial  or  by  tJie  sanie  tiri.>ceHrt  an  is  prtiStTilied  for  the  rK-f  ^vely  of  Ikalaucei^  of  Uad 
revenue* 

And  it  i^^  hereby  enacted,  thiit  whtjever  willfnlly  v'ansts  iiny  fibstmiu'tion  tijanj 
of  tlie  said  l  anal  a.  or  tu  any  of  i  be  water  t-tnirsefs  drawn  and  supplied  therefrom^t 
dania^^esi  the  liank*^  of  the  t^anid,  or  tht?  work?*  <^uustrticted  for  ita  iiiainteaami?,  a 
"willfnlly  defiles  the  ift'ater  in  the  eaniil,  nsbaJl  1><?  liable  t<i  the  penalties  hereiaafw 
described. 

And  it  ic^  hereby  enactetl,  that  all  iw^r^soT)?  offendiiijj  against  the  iiro^aniou^^uf  ti* 
aft  shall  be  pauinhablc,  on  rfinvictimi  Ih^fon*  the  ma^>itrat^\  by  liniiris^iiinMart 
withiiut  lalior  for  a  term  nfkt  esceedini^  I'nurteHU  day**,  or  tiu-i  to  an  aD3riUDti>»* 
exee+^dinjtf  ~iO  niiH^ea  [about  tSVM).  nr  both:  and  iu  default  of  payment  uf  stti'Ii  fci^ 
by  wUlittoaal  iniiuisou merit  for  fourtei.'u  days, 

<hi  May  in,  184o,  the  lieulonatit-^tjvornor  ot  the  \or11nvH5i  Vniv^ 
inees,  tinder  autliority  of  the  aliove  ^let,  ]tatSNed  resoluiidus  re^^anlinc 
various  eanals,  Ux>\n  whieli  tlie  foll<iwfn^  extnn?ts  are  mad**: 

In  t'onfonuity  with  Section  Vlll  of  the  afiresuid  act,  the  supeHnt*'ndentEi  i*t  ihf 
&aid  I'auali*  an*  irivi/Mteil  with  thi^  powers  of  deputy  eoUeeturs  for  the  levy  <>f  fyi^^ 
and  n  f  j  <  tin  t  m  a^i  si  ra  t  et*  f  i  ^r  t  b  e  e  n  f  i  j  r  c(  uu  ei  1 1  o  f  i  le  u  al  t  ie^  \i  n  d  i  ^  r  t  la  *  ud  >resai<l  a*"*- 
and  their  ut^sistantH  are  rJerlared  romiM^teut  to  exercise  the  s^uue  jMiwers  ntiA^ 
their  directions  aitd  on  their  respiinsil>ility.  The  subortlinate  eHtahli?^hminvt>  ^f 
3Uch  3Uporintendeijts  have  the  ]kower  of  suburdiujite  revenne  and  judice  wfiic^^ 
tor  the  aff»reHaid  t^urpikse^.  Au  apjieal  lii*:^  din-it  to  the  CMUiToissiiinernf  th*-  di^> 
aiou  a  gainst  ordera  pafiaed  l»y  the  suiieriii  ten  dent  or  hiw  ftssiatantsi  in  the  t-ajiat^^ 
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^  deputy  collector,  and  to  the  sessions  judge  against  orders  imsseil  in  the  capacity 
^  joint  magistrate. 

When  it  maybe  more  expedient  to  give  water  on  contract  rather  than  according 
o  the  surface  irrigated,  th'?  terms  of  contract  may  be  as  follows: 

Where  the  water  flows  naturally.  2  rupees  [$l]  per  annum  for  every  sciuare  iu(!h 
'^  opening  taken  from  the  sununit  level  of  the  water  and  having  a  free  course. 

In  the  event  of  any  person  secretly  taking  wat<?r  from  tlie  eaiuil  in 
my  manner,  for  which  rent  is  leviable,  witbont  coming  under  ougage- 
aents  to  pay  the  rent,  or  secretly  taking  more  water  than  lie  lias 
»iigaged  to  pay  for,  he  shall  be  chargeable  with  doubhi  rates  for  all 
rater  so  taken. 

All  land  brought  into  cultivation  within  20  yards  of  the  canal  or  jiny  brjiiKth 
tream  from  it,  subsequently  to  the  construction  of  the  channel,  shall  ])ay  water 
^ent,  whether  taking  water  or  not;  and  similarly  all  land  cultivated  from  wells 
vhich  have  been  dug  or  reopened  within  20  yards  of  the  canal  boundary,  or  witliin 
0  yards  from  any  branch  stream  from  it.  subseciuontly  t )  the  construction  of  the 
»nal,  shall  ])ay  water  rent,  whether  taking  water  from  the  canal  or  not. 

When,  from  the  carelessness  of  cultivators  either  in  not  properly  closing  the 
leads  of  their  water  courses  or  in  leaving  the  wattTCf)urses  in  bad  order,  the  water 
•verflows  and  spreads  over  waste  or  fallow  land,  a  fine  shall  be  levied  not  exceed- 
aig  the  highest  rate  of  water  rent  leviable  on  the  extent  of  land  lloixled. 

It  shall  be  in  the  iwwer  of  the  canal  officers  to  clost^  the  whole  of  the  branch 
Brater  courses  from  sunset  to  sunrise  for  the  purpose  of  forcing  the  water  onto  the 
Lower  parts  of  the  canal;  and  also,  when  necessary,  for  any  period  not  exceeding 
three  days  in  a  week.  At  other  times  the  water  shall  be  at  the  command  of  the 
mdiivators,  provided  it  be  in  the  power  of  the  canal  officer  to  furnish  a  supi)ly. 
I^ersons  taking  water  once  so  as  to  benefit  a  crop  shall  be  liable  to  the  (charge  for 
the  whole  year,  or  the  whole  crop,  as  the  rate  may  bo  leviable. 

Special  agreements  between  individuals  and  the  superintendent  for  the  use  of 
water  for  irrigation,  for  driving  machinery,  or  for  other  purposes,  on  other  terms 
than  are  embodied  in  these  rules,  shall  be  constructed  as  other  ordinary  con- 
tracts are. 

In  addition  to  these,  rules  are  laid  down  defining  the  powers  of  the 
superintendents  and  their  assistants  and  other  oflieers  on  tb(^  works, 
AS  well  as  rules  giving  the  charges  which  villages  or  individuals  are 
subject  to  wiio  do  not  take  water  for  irrigation,  but  who  use  it  for 
watering  live  stock  or  for  donu^stic  i)urp()ses.  The  charges  for  tilling 
reservoii*s  or  tanks  are  also  specified,  as  are  tlu*  tolls  for  rafts  or  boats. 
The  right  of  owncM'ship  of  water  was  summarily  settlcMl  in  India  in 
1873  by  the  passage  of  ''Ana(^t  to  regulates  irrigation,  navigation,  and 
drainage  in  northern  India."  Tlu^  i)reaml)le  tersely  states  the  claims 
of  the  government  thus: 

Whereas  throughout  thc^  territories  to  which  this  act  extends  tlie  govermnent  is 
entitled  to  use  and  to  control  for  ])n])lic  jmrposes  the  waters  (»f  all  rivers  an<l 
streams  flowing  in  natural  channels,  and  of  all  lakes  and  of  tlie  natural  collec- 
tions of  still  water,  et<*. 

This  statement  of  rights  is  perfectly  i)lain,  and  in  India  the  govern- 
ment has  no  need  to  us(^  its  power  to  enf<)r(*e  these  claims.  This  act 
is  known  as  *' Northwest  caiuiI  provinc(»s  Act  No.  VIII,  of  1S7:5,"  and 
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lAind  tenures, — In  southern  India,  including  Bombay  and  Madras, 
while  the  landholders  do  not  own  land,  they  jwssess  certain  rights  in  it, 
such  a«  the  right  to  hold  and  to  till  it  so  long  as  they  make  pajTnent  of 
part  of  the  produce  to  the  government,  while  the  government  possesses 
the  right  to  a  share  of  the  land  revenue.  In  northern  India,  includ- 
ing the  Northwest  Provinces,  Punjab  and  Bengal,  there  is  a  class  of 
superior  landholders  between  the  cultivator  and  the  govern  ment.  The 
cultivator  tills  the  land  and  pays  the  rent  to  the  landlord,  and  the 
latter  pays  a  portion  of  this  to  the  government.  These  proprietors 
are  associated  together  in  villages,  with  an  elected  or  hereditary  head, 
who  is  resjmnsible  to  the  government  for  the  rent  of  the  entire  village. 
In  Bengal  there  are  about  130,000  landlords  or  heads  of  estates,  who 
are  entitled  "zemindars,"  or  may  even  l)e  rajahs.  In  the  central 
provinces  there  are  28,000  separate  estates.  In  the  Punjab  1,095 
zemindars  hold  5  per  cent  of  the  total  area  of  that  i)r()vince;  33,020 
village  communities  hold  01  per  cent  of  the  total  area,  and  1,711  other 
landholders  have  charge  of  4  per  cent  of  the  total  area.  In  the  North- 
west Provinces  the  area  is  divided  in  about  the  sanu^  proportions 
among  the  various  classes  of  holders.  In  southern  India,  wliere  the  cul- 
tivators or  ryatwari  hold  the  land,  it  is  leased  to  them  for  fixed  periods 
of  thirty  years,  though  they  can  resign  these  holdings  at  the  end  of 
each  agricultural  year.  They  can  sell  or  mortgage  the  land,  and  at 
the  death  of  the  holder  his  heirs  inherit  the  right  to  the  lease.  In 
Madras  there  are  2,392,000  ryatwari  or  individual  tenures  on  which 
the  average  assessment  is  $5.     In  Bombay  there  are  1,367,600  ryatwari. 

In  these  southern  presidencies  each  village  is  indicated  on  the  rev- 
enue map  with  a  defined  boundary,  and  each  field  is  marked  out  and 
numbered  on  the  village  plan.  The  different  classes  of  soil  are  indi- 
cated in  colors  with  a  description  of  the  class  of  tenure,  marked  in  a 
register  accompan3ing  each  map,  in  which  are  also  indicated  all  partic- 
ulars of  soil,  tenants,  and  amount  of  assessment.  The  size  of  the 
field  is  determined  by  the  extent  of  the  particular  variety  of  soil 
which  can  be  cultivated  with  the  assistance  of  a  pair  of  bullocks. 
Thus  in  light,  dry  soil  a  field  will  constitute  20  acres,  in  lieavy  dry 
soil  12  acres,  and  in  rich  garden  land  4  acrcss.  Some  of  the  circum- 
stances affecting  the  classification  of  land  and  the  value  of  the  fields 
are  the  position  of  the  latter  with  resjxHit  to  the  village,  the  facilities 
for  agricultural  oi>erations,  the  character  of  the  soil,  and  the  oppor- 
tunities for  irrigation. 


The  irri|3:Htion  \vork*<  of  India  are  divided  by  the  i^iig^inoer  i!Jti»!«o 
grtmt  classes,  ( 1 )  irmvity  irri*ratioii  and  (:^)  lif  I  i  rri|rii.tioii*  The  fomieF 
includes  four  g^reat  groups,  namely,  perLmnial  canals,  int**rmiu**ftt 
canals,  jwriodical  canals,  and  inundatn>n  canals.  Tlie  water  supplt 
for  those  mny  be  supplemented  by  storage  works,  The^*e  will  \u^  treattn] 
as  a  thin!  clasH. 

Perennial  i^anals  art?  luken  frum  the  rivers  the  dischai'ge  of  which 
at  all  tiraea  miftices  for  the  irrigation  of  the  lands  without  the  aid  d 
storage.  I n term i tUm t  C4inals  art^  taken  from  in tt^rm 1 1 ! en t  streams, III* 
water  of  which  must  be  stored  in  urdcr  in  furnish  a  eunstant  sufiply^^ 
Periodical  canals  are  taken  from  streams  hnving  an  available  snpplf 
during  tlie  rainy  season  only,  and  are  used  altrOf^ether  in  the  euitiva- 
tuin  of  the  summer  crop.  Inundation  canals  are  taken  fmiii  riPWS 
having  a  conBtant  discharge  of  some  ma^iitudej  but  are  fed  by  thfls^ 
rivers  only  wiiea  in  flood. 

Lift  irritfation  is  t*hiefly  illustrated  b}*  wells.  Of  these  there  is  litik 
to  say,  aUbougli  tho  area  irrigated  by  Ihein  is  considerable.  Thej  nn* 
U8Cd  in  a  <'ouutry  where  lalior  is  cheap^  and  an^  vahial>le  ailjuncU  t'f 
irrigation^  catch in^jT  the  seepap:e  wat<^r  from  the  canals  and  irripu*'4 
fields  which  otiirrwisc  woiihl  bo  wast-unl.  Owjn^  to  th*^  cost  of  Ulx>r 
it  is  doubtful  if  they  will  over  \h}  used  to  any  extent  in  America. 

Canals  are  divided  into  two  ^reat  classes,  those  for  irrijLration  tmlr 
and  those  which  arc  also  employed  for  purposes  of  navigation.  The 
conditi()7is  required  to  develop  an  irrigation  canal  are  usually,  tii-st, 
that  it  shall  1)0  carried  at  as  high  a  h^vel  as  possible,  so  as  to  have 
sufficiiMit  fall  to  irrigate  tlH>  bind  to  a  considerable  distance  on  both 
sides  of  it;  second,  that  it  shall  be  fed  by  some  source  that  will  render 
it  a  running  stream,  in  order  that  tli(»  loss  of  the  watei-  eonsume<l  in 
irrigation  may  be  constantly  i'ej)laced  in  the  canal.  The  chief  reqiiiiv- 
mcnt  of  a  navigable  caiial,  on  th(»  contrary,  is  that  it  shall  be  as  nearly 
as  possible  a  still-wat(M-  caiial,  so  that  navigation  may  be  e(pially 
easy  in  both  directions,  and  no  water  is  lost  except  by  evaporatio':, 
absorption,  and  at  the  points  of  transfcM-  fi-om  the  higher  to  the  lower 
levels.  Hence  it  is  most  economically  constructed  at  a  rcdativoly  Inw 
level,  ^n  India,  among  the  earlier  great  perennial  canals,  it  wascoi- 
sidez'cd  the  rule  to  make  them \Aav\\2;v\\>V>  wsw^W  ws  vvv\<^ablo,  but  since 
56 
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■^lio  introduction  of  nuMloru  modes  of  transportntioii,  th<»  dov«»]opin(»nt. 

<^  t  tin*  railway  system,  and  the  eonstnietion  of  (excellent  m<»talod  roads 
"^^ "tiro iiglio lit  the  country,  the  authorities  liave  generally  couk^  to  dis- 
*^pprove  of  tlie  use  of  irripi])h^  canals  for  navigable  x>urpos(^s. 

EXTENT  OF  IRRIGATION. 

In  the  presidency  of  Hombaj',  exclusive  of  the  Sind,  then*  are 
-"^5  irri'ration  works  in  operation,  of  which  .'J  are  major  protiuMive 
"^^•orks,  7  are  major  productive  works,  and  the  remaindei*  arc  minor 
jDi'o^^^'tive  an<l  productive  works.  The  total  capital  out  hiy  on  th(»se 
To  end  of  year  1IXH)-19()1  was  *0,170,()0n.  Tlie  total  Kn)ss  n^vcnue  dur- 
Sng  1I»00-1!M)1  Avas  *175,2O0;  the  workinj^  (expenses  were  5:<1:)!),()(m);  and 
^he  net  revenue  was  §3<),i'()0.  The  area  irri<;ate<l  during  that  year 
"was  124,07:?  acres,  of  which  alK)ut.  three-tifths  won*  in  autumn  or  dry- 
weather  crops.  The  j^ross  revenue  assessed  was  .S1.7.'>  per  aere,  and 
the  water  rate  averaged  Sl.3'5  per  acr(»  irri«rat(Ml.  This  water  rat(» 
ranged,  liowever,  from  ']o  cents  to  *4  i)er  aere,  tin'  maxiinum  ju'lce 
l>eing  very  unusual  and  due  to  the  large  amount  of  sugar  cane  which 
was  irrigated  on  the  canal  where  that  rate  was  levied.  The  working 
exi)enses  per  mile  varied  from  *7()  to  iSi^On,  and  the  working  expens(\s 
I>eracre  irrigated  varied  from  oO  cents  to  si\  Tlie  lattcM-  high  tigun\s 
were  in  both  cases  charged  on  the  Mutha  canal,  where  a  large  amount 
of  sugar  <*aue  was  under  cultivation. 

In  the  Sind  the  net  ai'ea  ci-opped  in  1901  was  1,873,074  a(;r(»s.  The 
area  irrigat<?d  from  canals  was  1,413,4^^7  acres;  irrigated  fi-om  otlic^r 
sources,  302,013  acres;  and  the  total  area  irrigated  was  T,77<»,4<M)  aen\s. 
The  an*a  under  wet-weather  crops  was  l,430,.Sf)0  acres,  and  under 
autumn  crops  about  300,530  acres.  The  irrigation's  share  (►f  the  in^t 
n^venue  for  that  year  was  l?l,  100,500.  The  financial  statement  for 
the  works  of  the  Sind  for  lOOO-lOOl  was  as  follows: 

Financial  afafmnvut  of  Sim!  TrrujalUm  irorA-.s.. 

Total  outlay  to  date .ST,  1H> 4,  n(M) 

Gross  revenue  durini^  the  year  1. 07 1.000 

Working  expenses    ._ _     ..                  .  -JjWJJmk) 

Net  revenue  . .  soo.ooo 

Net  i)refit,  less  simple  interest  on  tlie  ])()rr()\ve(l  cajiiial  MJt.ooO 

Th«»  average  rainfall  for  all  of  Sind  duringtiie  year  was  l.:»s  inches. 

In  Madras  the  great  irrigation  works  are  const ruel«'d  in  the  deltas 
of  the  principal  rivers.  Theap|)r()ximate  cost  of  the  works  of  Ma«lras, 
without  interest,  to  th(^  year  JSO!»  was  xi;(),i>i>:>,()(m);  the  t(>tal  an^a  of 
cultivation  due  to  irrigation  wasf),S!is,s:>!»  acres,  and  tlie  total  i(»venue 
was  «7,72l>,00(). 

In   Hengal,  at  the  end  of  lOOl,  ther<^  wei'c^  in  oj)eration  7.*)S  miles  of 
main  canals,  of  which  i05  miles  w<^i-(»  navigable;  they  eommaiKled  an 
area  of  2,753,(^)0  acn.»s,  of  which  1,1-1  (J, 374  aeres  were  actually  iri-igated. 
The  total  ca])ital  outlay  on  tlu^  three  n\ii.iov  wovks,  \\7.,  \VvvVvi\\\\vN\v., 
Orl&sa,  Hiid  Soano  canals,  was  «27, 475,000. 
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In  the  Punjab  the  t^Hpit^l  outlay  to  end  of  lyOl  for  major  workji oftlv 
was  #.^8JJ07,(.KK>;  the  total  net  revenue  was  ♦3,333,0(X),  or  SA  per  etm 
Interest  on  the  capital  outlay.  On  inundation  works  the  eapitjil  m\- 
lay  was  $77r,UMj,  and  Hit*  inti*ref*t  on  this  outlay  vr  HlhJ  from  KL!^  j^t 
cent  as  a  miuimtim  t^  181.5  per  cent  as  a  maximum.  In  thi^  provim^ 
then*  were  5,ll>t3  miles  of  main  and  bran  eh  canals  and  11,737  lQik^^^f 
di«trihutaries.  The  working  expeni^s  were  from  25  t4>  *K*  cents  j«r 
iHJre  irrigiiU.id,  and  the  e(!«tiibHshment  cost  fnjm  lo  to  35  cM^titis  periwrw 
irrigated.  The  area  irrigated  during  the  jiummer  erop  was  '4,02%'tt 
aeres,  and  during  the  autumn  crop  *i,9<i7,8H  aerew. 

The  Nortliwesl  I*rovinees,  including  Oudh,  have  mi  nnm  of  abi^ut 
55,(HH)  fttjuare  miles,  of  which  30,(mXJ  square  miles  may  Im.^  iitiiid  kilifl\^ 
been  protect e<l  by  irrigation  works  at  the  end  of  the  year  18^*4,  Th^ 
tot-al  outlay  on  irrigation  works  in  thes^e  provinces  at  the  end  of  \^^^ 
WH«  |27,4fK^0<i<l;  the  net  revenue  for  that  year  was  )fel,i*70,tKK»,  T^hieli 
is  4,6  per  cent  iut^^rest  on  the  capital  outlay.  The  net  int^^rest  on  foar 
principal  workn— the  Upper  and  Lower  <Tanges,  Agra,  and  East^m 
Junma  canals — was  4,97  per  cent.  The  total  working  expenxej*  fyr 
the  same  year  were  $961,000,  Th<*jp©  were  in  operation  1^4^7  milc^nf 
main  and  branch  canals  and  *i^748  miltM^  of  distfibut^ries.  The  toUil 
&n*n  under  irrigation  was  1,79!)^ 866  acres,  of  which  7t>ij,3i'l  a^^iv**  were 
iummer  crops  and  lj093,r>45  acres  were  antamn  cropis.  The  value  ul 
the  principal  crops  was  110  per  acre.  '  ^ 

FINANCIAL  AND  AGRICULTURAL  RESULTS. 

Of  major  productive  works,  the  C4ipit.al  for  which  has  been  providf^i 
from  Ijorrowed  money,  there  are  ^t-l  iu  the  six  principal  provinces, 
The  fiapital  t»xpt*nded  on  th<*8e  works  to  the  year  liKXJ  was  alwut 
$100,00<J^OlX)j  while  the  sanctioned  e^li mates  for  the  completed  prtijt*cte 
we  re  $  1 03 ,572^  UOO .  Th  esc  11*5  n  u  i  j  o  r  w<  j  rk  s  a  re  d  e^  ign  ed  to  i  rri  ^ratf , 
wh<^n  fully  completed  and  irrigafi^m  lias  been  fully  develo|MKl,  som(> 
th  i  n  g  m  nn^  tli  an  1 0  ^  356,  i  M  )i)  ac  res.  ( J  f  1 1 ,  000  miles  of  ni  a  i  n  and  h  rati  pb 
canals  no  less  than  2^1M^^  miles  are  navigable.  The  cr>si;t  of  makini! 
these  canals  imvigabh'  can  not  1«^  readily  aiscertained,  but  ^^l1<Kdd  ^^ 
elimin at  e<l  i  n  * le t  r *  ru i  i n  i  n g  I  h a  t  t"u e  coh t  o f  each  i  rri ga bl i *  a e i^e .  Th<? 
Mlitha  canal,  in  Bombay,  whicli  is  the  most  expensive  r>f  any  canal  <ff 
itJ*  kind,  di' rives  a  eonsidcral^lc  in  come  from  tln^  -"^'ipply  uf  watiM^  for 
domestie  i>ur[H>8C!^  1o  the  city  of  Poiuia.  It  may  be  said  that  t  he  works 
of  this  class  average  $9,:]0  for  each  acre  irrigable.  Of  the  l'»  largest  ot 
these  majrn*  works,  the  most  expensivej  the  Oris^ii  .symlcm  in  lieugwl 
t*ost  ^'27  [)t*r  aero,  nuA  tlie  (tangi^M  canal,  whiidi  covers  the  laI'g^■sl 
area  of  all,  antl  is  at  tfie  saiue  time  thr  clu^apest,  cost  a  little  under 
♦OJio  per  acre," 

In  u<hliir<m  to  the  6jMW»  Miili-s  of  main  catuils  (*oi}structe*l  in  tKe>'4e 
35  systt'Uis,  then'  are  I-SJMHJ  njih-s  of  prim-jpal  distributaries,      I'p  Ut 
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the  present  time  only  12  of  the  35  major  productivo  works  liavi-  l)een 
worked  at  a  profit  of  more  than  4  per  cent,  l>iit  the  profit  from  these 
12  has  been  more  than  sufficient  to  cover  the  deficiencies  of  i lie  oilier 
23.  The  net  result  is  that  the  works  of  this  class  have  rovonMl  the 
interest  charges,  with  a  gross  excess  to  the  government  of  nearly 
$12,642,000. 

For  the  first  twenty  3'ears  these  modem  l^ritish  works  wen*  not  alto- 
gether profitable.  During  the  jmst  ten  years,  however,  siiire  noarly 
all  have  been  in  full  operation,  the  net  revenue  ivturii  for  tin*  .')5 
works  together  has  averaged  more  than  4  p«*r  ct»nt  yn^r  annum  on  the 
$100,000,000  gross  capital  outlay. 

Among  the  six  provinces  in  which  this  class  of  work  lits,  Madras 
and  Sind  are  preeminent  as  those  in  which  all  the  works  havo  boon  in 
operation  for  more  than  ten  years  and  are  thorouglily  successful.  In 
the  Northwest  Provinces  all  four  works  arc  now  thorou^rhiy  sii((*ess- 
ful,  paying  over  5  per  cent  net  revenue,  and  in  the  Punjab  linn'  is  lit- 
tle doubt  that  all  of  the  works  will  finally  be  successful,  while  the  older 
ones  alrt»a(h'  pay  well.  One  of  tlu*  youngest  works,  tlu^  Sidhnai  canal, 
is  very  remarkable  in  having  paid  nearly  14  per  cent  on  its  (*ai)ital 
during  the  second  year  it  was  in  operation.  Of  the  Ueiigal  works  lit- 
tle hope  can  be  entertiiined,  as  the  normal  rainfall  there  is  too  large 
and  too  regular  to  make  irrigation  an  urgent  requirement  for  agricul- 
tural prosperity.  These  works  must  be  looked  on  as  a  protection 
against  occasional  drought  and  famine  rather  than  as  a  source  of 
profit. 

Of  major  protective  works  there  were  in  operation  in  19(m)  in  th<»  six 
principal  provinces  5  works,  the  capital  expenditure  on  which  was 
$6,866,000.  These  works  are  designed  to  irrigate  7'J3,720  acres,  at  an 
average  capital  cost  of  nearly  *8  per  acre.  Then*  arc  comph^ted  in 
these  systems  400  miles  of  canals  and  ^i)0  miles  of  main  distributaries. 

Of  minor  works  the  capital  of  which  has  been  j)rovided  from  the*  gen- 
eral revenues  of  India  about  80  were  in  operation  in  1!M)0,  tlistributed 
throughout  nine  pro^inces,  including  Burma  and  l>t»luchistan.  Tlu^ 
capital  exi)ended  on  these  works  was  $ir),()40,()0()  and  the  net  revenue 
was  87']7,000.  The  percentage  of  net  revenue  on  the  total  capital 
outlay  to  the  end  of  the  year  under  consideration  averaged  nearly  '> 
per  cent,  and  varied  from  naught  in  the  case  of  some  works  in  I>om- 
bay  to  10  per  cent  in  some  of  th(»  works  of  Ibirma  an<l  i^4  {mm*  <*ent  in 
some  inundaticm  canals  in  the  Sind.  These  works  <M)mprise  altogether 
6,500  miles  of  canals,  2,050  mil<\s  of  distributaries,  and  render  irriga- 
ble an  area  of  about  7,201,578  acres.  Th<^  works  of  this  class  taken 
collectively  are  more  remuiu^rativ<^  than  tin*  major  product iv(*  works, 
which  were  si)ecially  construct <»d  to  pay  nearly  5  per  cent.  The 
numerous  snuill  works  in  r>ombay  aie  un[)roductive,  an<i  there  is 
but  little  hope  that  the  returns  derived  from  them  will  materially 
improve. 
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In  VMM)  llii^ri*  weri^  iixigattHi  by  majtir  pri>iJut'tiTe  wo 
11,409,52H  acTf^ft,  Tln^  rate  of  wtirklitir  f*xiieni4t^a  per  iiert*  on  i 
cliiH«ie8  of  work^  v^trit*<l  U»^twei*!i  40  iM*iif-rt  mu\  JiJlO.  The  ifnii 
irri(^at*Hl  by  all  thrt*o  cliwsi^f'?^  nf  work;*  w*t.H  ]K,^ni,l<H;  ni'^r^^,  wM 
©ntin^  ftiTa  undfr  irriiration,  iucluding  ihitf  wtuercfi  by  wells  nil 
(louliU*  oroppoJ, y^an 33,01*0,031  ^f^TBui.  Tht*  ii vt^ni^'o  wntpr  rate oq 
wat*  li^?***  ihmi  $1.4i>  fw^r  acre.  The  avemg**  value*  of  ttrnp^  |iJ 
variml  from  $10  i^  #;J5,  luicl  the  percentage  of  rati!  chained  I 
value  i>r  th<^  ernp  svnf<  hot  wih»ii  #3.^0  and  $8, 25.  GagiKl  hy  the^ 
ard  of  the  [>i*nM'ik(H^e  of  n*l<?s  ehargt*d,  thf^oivtieally  tlioiragQl 
severity  of  the  eluir^a*  on  the  enlLivHtoi\  the  IkHiiliay  niU*fi,  wh^ 
act u ally  the  hij^hest,  are  shown  to  1m?  the  hm'e^t,  ntui  I  his  i»  v^ 
faet  l>eeause  uf  tht?  very  high  viiliu*  of  the  s^ii^^ar-eime  crop  tmi 
(lively  eiilt ivaU^d  in  that  proriiiet\  The  gr<>«}i  value  of  the  *'r«j| 
gatr*i<l  iij  1 1)00  hy  all  thi.^  four  eJa&Hes  uf  irrigation  work^  aihiiia| 
by  the  goveniiiient  reachfnl  th**  sum  of  $l55,CN3tl,00(X  | 

At  a  moderate  **ouip**nsatlon  it  may  he  said  tliat.  one-half  ^ 
Slim  is  the  iiiereasied  value  of  the  oiitturn  rrorn  the  Holds  duei 
gation  from  the  canals.  This  figuro  shows^  {lerhaps  more  readU| 
any*  other  the  value  of  the  a|?rieultural  intewsts  wjxioh  ai*ti  halt 
with  irrijjfation  work**  of  Indhu  \ 

The  agrimiltural  results  of  Indian  irrigation,  and  an  idea  of  tl 
and  returns  of  building  and  ot>erating  canal**  can  l»**st  !*e  obi>at| 
eitalirm  of  tlu*  rfrj^sullst)n  a  typical  jK^reniiial  cau^d,  as  tiie  Sirhiiid 
in  the  Punjab.  In  lOOrJ-lOOl  the  amount  and  value  of  the  prt 
erop>^  irTi*::at(-d  on  the  Hrjti.^h  ItraiKiies  only  of  thiseanal  aiv  an  fe 


(  'rnpH  irriffftitti  tut  Siihhtff  rrtntit  in  iU*Mt.^iittti^ 
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It  will  In-  inten'slin;,^  toexauiini'  tin-  iinns  of  eosi,  interet*!,  an 
enn^  of  such  a  eatuil  a^  this,  rind  lo  niako  ennipiirisons  lietw^f-n 
cost N  and  rptnrusntid  what  tni^lit   hi- ilerivi/d  fioni  a  siniilni-  w 
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made  in  the  United  States.  In  making  this  comparison  the  amounts 
reported  in  the  revenue  returns  for  such  expenditures  as  jHinsioiis,  fur- 
loughs, and  navigation  works  must  be  deducted  from  the  total  outlay 
and  due  allowance  made  for  the  difference  in  cost  for  each  class  of  con- 
Btruetion  in  the  two  countries  and  for  the  water  rate  to  be  charged. 
To  the  end  of  1001  the  total  expenditure  on  the  Sirhind  canal  was 
♦19,G03,(KX),  of  which  $6,741),000  was  interest  while  the  work  was  under 
construction,  and  $1,000,000  was  leave  and  pension  allowance  to 
employees. 

Though  such  a  work  would  have  been  constructed  in  a  much  sliorter 
time  in  the  United  States,  owing  to  the  substitution  of  mechanical 
means  for  hand  labor,  the  rates  paid  in  our  country  for  interest  would 
probably  equalize  this  charge.  The  total  original  cost  of  t  lie  works 
was  J!5l2,(.KX),000,  of  which,  exclusive  of  the  cost  of  land  an<l  mainte- 
nance, ^4:(M),00()  was  for  head-works,  §0,5()(),00()  for  the  main  cranal  and 
branches,  and  $;  1,100,000  for  right  of  way  and  navigation  works.  The 
office  estal)lishment  in  India  is  an  expensive  one  and,  less  pensions, 
costs  ^L>,200,000,  while  the  tools  and  plant  cost  an  additional  «M()(),000. 
In  the  main  canal  and  main  branches  the  earthwork  alone  cost 
•2,000,000,  and  on  the  distributaries  this  item  cost  ^8()0,()00,  making 
$3,400,(M)0  for  eai-thworks. 

For  the  total  1,170,000  acres  of  irrigable  land  controlled  by  the  Sir- 
hind  canal  the  cost  for  earthwork  was  $4.25  per  acre.  Our  contract 
prices  in  the  West  being,  say,  10  cents  per  cubic  yard  against  their  4 
cents,  this  earthwork  would  have  cost  us  4^10. 02  per  acre.  The  masonry 
works — as  falls,  weirs,  regulators,  and  bridges — cost  in  all  f?2,4()0,CKX), 
or  $3  {Hiv  acre  irrigated.  In  India  rubble  masonry  costs  about  $3  per 
cubic  yard.  In  our  West  it  averages,  say,  80.  Hence  these*  works 
would  have  cost  us  80  per  acre.  In  our  works,  however,  we  would 
avoid  the  expense  of  the  numerous  masonry  bridges  constructed  in 
India;  again,  we  would  do  comparatively  little  masonry  work,  but 
would  use  iron  and  wood,  which  are  relatively  far  cheaper.  Thi^  cost 
for  these  items  would  accordingly  be  proportionat<'ly  less.  Perhaps 
one-third  can  be  deducted  for  the  cheaper  niaterial,  an<]  it  would  cost 
us,  therefore,  $4  per  acre  irrigated.  The  drainage'  works  and  escapes 
cost  about  73  cents  per  acre  inons  or  sueli  a  work  as  the  Sirhind  canal 
would  have  cost  ^i-'i.'Jo  per  acre  irrigated  against  SS  in  India. 

Owing  to  the  recent  completion  of  the  Sirhind  canal  it  irrigates  at 
present  only  1,17(),00()  acres.  This,  however,  i)aid  in  11)00-01  a  surplus 
revenue,  after  paying  interest  on  the  capital  outlay,  of  4.7  per  cent  per 
annum,  and  of  0.1  i)er  cent  net  revenue  on  that  outlay.  The  watt^r 
rates  charged  averaged  90  cents  per  acre  irrigat(Mi.  We  couhl  charge 
at  least  82,  and  in  some  localities  more.  As  th(^  cost  of  construction  in 
America  would  be  twi(*e  that  of  India,  while  the  i*eeeipts  per  acre 
would  he  nearly  three  times  as  great,  it  is  not  improbable  that  under 
similar  circumstances  such  a  work  when  fully  utilized  would  yield 
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fi'om  o  kj  12  per  cent,  nud  wtieu  Ooing  its  itiiiiLiotutn  duty  woiihi 
realize  as  a  mitiimuni  1*>  per  cent  on  the  e^iipit^l  inve*;tf^tL 

In  adclitiou  to  thL^  amount  rGiilizod  from  Buch  a  work  a&  comimred 

dti'eetly  with  that  obtained  in  India,  there  is  one  iioarce  of  pevena^ 

in  our  eountry  whieh  (U>e8  not  exist  in  India.     That  is  theannuii 

inereawe  in  value  of  the  land  i^erveii  by  the  eanaL     Tliere  ig  jiom^h 

iueretnent.  a\  liihihhi  to  |*rivate  enterprise  in  IndiJ^  l>e<*aiia<^  the  fiov- 

tepujirnt  !h  i}w  uwni*r  nt  the  land*     In  Americas  however,  wlion^  Ulid 

Pnn  iH5  purehawed  a1  Tnuu  ^}r2f^  U*  $2.50  per  acre,  and  when  4*uppiid 

I  with  water  rij^ht  will  «t?il  far  from  $¥)  to  ItHX)  per  acre  or  bring  is 

equivalent  revenue*  the  locroafieid  i^tnm  from  Kueh  an  inve^tmetiti* 

obvioui*. 


CHAPTER  V. 
AliKAT.I  AND  DFTY. 

OBJECTIONS  TO  IRRIGATION. 

In  1845,  during  surveys  for  the  great  Ganges  canal  project,  a  coni- 
littee  was  appointed,  under  instructions  from  tlie  govc^rnor-gcnei-al 
f  India,  for  the  purpose  of  reporting  on  the  causes  of  unliealthful- 
esswliich  existed  along  the  line  of  the  Delhi  canal,  and  ascertaining 
"hethor  injurious  effects  on  the  health  of  the  people  w(»n^  likely  to  be 
roduced  by  the  contemplated  Ganges  canal.  Their  njport,  is  oih»  of 
leinost  complete  and  exhaustive  ever  prepared  relatives  to  the  (»ffe(*ts 
f  canal  irrigation  on  the  health  of  the  neighborhoods  irrigated.  The 
lembei-s  of  the  committee  were  Maj.  W.  E.  Baker,  R.  K.,  president; 
arg.  T.  E.  Dempster,  and  Lieut.  11.  Yule.'' 
Among  the  more  imj^ortant  conclusions  reached  were: 

(1)  That  in  considerable  portions  of  the  district  under  the  influence 
existing  canals  sickness  has  been  largely  developed. 

(2)  That  this  sickness  is  not  attributable  to  the  results  of  irrigation 
It  to  the  canal  works  or  water  courses  of  private  individuals  having 
t^rcepted  the  natural  drainage  of  the  country,  and  having  thus  led 
the  formation  of  swampy  tracts  diffusing  malarious  influence  around 
em. 

(3)  That  where  the  soil  is  light  and  the  irrigation  carried  on  by 
Qans  of  main  distribution  channels,  all  the  advantages  of  canal  irri- 
ktion  may  be  gained  without  the  prevalence  of  any  of  those  evils  to 
>  found  in  localities  differently  constituted. 

(4)  That  if  care  is  taken  to  irrigate  only  that  land  which  has  an  open 
il  and  which  has  such  slope  and  low  drainage  lines  as  to  prevent 
iter-logging,  no  unhealthy  results  will  follow  irrigation. 

(5)  That  irrigation  with  free  surface  drainage  may  l)e  regarded  as 
iit«  innocuous. 

(0)  That  when  malarious  influences  are  developed  by  irrigation 
eir  effects  are  almost  sti-ictly  local. 

This  committee  reconunended  that  the  Ganges  canal  l)e  kei)t  as  much 
possible  within  soil,  that  is,  that  its  ordinary  surface  level  should  be 
dow  that  of  the  count r}-.  That  earth  wanted  to  complete  enihjink- 
ents  be  never  obtained  from  excavations  made  outside  the  canal 
:cept  from  such  localities  as  would  readily  admit  of  drainage.  That 
e  canal  and  its  branches  ])o  tak(»n  as  much  as  possibU^  along  the 
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wiiU^mliijd  of  the  coimtry,  no  as  not  to  interfere  with  draina^iaai 

that  iri'igntiuii  be  j j rail ibi ted  in   localities  which  appear  to 

miturHlly  a  TiinlariouH  (slmrtwft-er. 

On  thiH  i^iiui^  sfubjwt  CiipL  DougU^  Gsltou,  o£  the  army  ^aniUrf 

CO m m liiH] t>  1 1 ,  \^' n> t e  n u  i n ti? rest i ij g  a rt ic I e *'  in  wh i eh  h c  gi ve^  m  un*] 

itislaTices  where  loealitieB  that  havo  beentiaiKly  ileserls  devoM  <if  \^%' 

out  ion  had  by  nieaUH  of  irrigation  been  converted  iat^^  lieli  ^m 

i\ i*  [ d H.     Vov  1 1 la n y  \'ears  i b e  i rri gation  m easnrt**!  h a ^  f*  ii ot  been  h X  ieml^A 

by  nny  etTi*<*t.H  pn* judicial  to  lieaJth-     The  siilj«iirfa**e  water  Imil  Im?»>e, 

however^graduuUy  risini^  uearer  to  the  surface,  and  at  tb*?  samt  time 

fever  had  j^reafly  inere»ised.     In  Madrajiij  where  diiriag  di-ougljt  little 

fever  piWHileil,  during  the  ^^ruithwcBt  nionKOonti  lar^^e  dlHtriot-^  w**i* 

floiKh^d  and  fevers  became  iJi'evalent.     It  was  olmervecl  hi  the  l**Jrjj4!* 

that  tht*  fever  api)i*areil  not  to  have  been  ^eneiutetl  .so  mucb  durinj 

lieavy  raloj*  nn  from  tht*  fonditiorm  whieli  follow  them,  and  the  r^naiJjr 

rcquin^tl   is  tlit*  nip  Id   i>^nioval  of  water  to  piTvent   stag^natiaiL    In 

almoJ^t  nil  low-lyiii^  Irju^tM  twitu rated  with  moisture  the  |K>ople  wisk 

fever-^trlykun,     Captain  Gultoii  sumi^  up  by  saying:    **Tbe  whiJfc 

ovidenee  **hows  the  hiy:Ii   fever  death  rate  to  be  larj^ely  dui*  lo  th& 

stagnating  water  in  the  *^oil/'     The  olijections  un  the  seore  of  b^Ilk 

are,  {"(tmeranyj  defective  drainage,  the  ^ta^rnation  of  the  wau*n  tl» 

di^terif (ration  of  well  water  by  infdtration,  or  the  apjdleatiun  of  UKt 

unicli  wat^H'.     These  am  all  remediable  aiid  within  the  t^jntrel  ui  tk 

— — * »-» -  « - 

engineer.  - 

On  the  line  of  tho  Mutha  canals  in  Bombay,  where  sugar  pan 

extensively  cult ivattMl,  it  is  found  that  tlie  staf^niatiniT  waters  retain 
by  the  routs  of  tJie  plants  are  prcKlnciug  fevers,  and  as  a  eonsetineuce 
tlie  go  ve  rumen  t  Ih  endeavoring  to  red  nee  the  area  under  sn<rar  t-aue, 
hoping-  tUu.s  Ui  reduce  the  extent  of  the  fever.  In  thf*  Xortlj^t*:-^ 
Provinces  regular  observations  are  made  of  the  height  uf  the  spring 
lcv<-L  and  tliese  are  submitted  annually  with  the  revenue  reports,  thta?^ 
indicating  by  the  rise  of  thi^^  level  the  necet*sily  for  artiln'ial  dniiuMe 
Win*ks  li»  prevent  superwaturatiun  of  tlie  soil. 

A  mi t  her  of  llie  more  importsint  ill  elfects  of  irngati*m  i.s  the  p^Hk^ 
tion  of  alkali,  or  the  efiloreseence  of  alkaline  saltn  on  tlie  surfat'*? ^'^ 
lantls  irrigated.  Tliat  the  elTeet  of  irrigation,  ht^wever,  is  not  aUo- 
get  her  bad  iu  this  res[RMH  may  be  sunuised  from  the  following  remarks 
made  l*i»fnrc  the  fauiiue  commission  by  ]Major  (irf*v.  C.  S.  I.;''  ] 

Oinal  imjjfiititsii  ha^  n^udured  fit  fur  tnltivatievi  lurgn  tracts  in  the  Bahalpar  I 
St^itu  wiii'-h  WLTO  Tittt+rly  nncultunihh?  beciiiL'^i^  of  alkiili.  tnul  that  when  hi^vilif 
irrii;uteit  the  naltK  were  washed  otT  nr  itn\  en  intt?  th«  w^il,  , 

Mr.  K,  irBrieTi  ti*snih*ii  tn  praelically  the  >>ajne  <»ITect,  arjil  ^Uii€*l 
thaL  if  properly  elVee led  canal  irrigation  isa(*ure  ftn*  elHuresceiiot* 
Mr.  K.  i\  Corbin  founO   that,  on  lantLs  Cfivtned  by  eilioreseent  saU> 
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canal  wat<^r  has  eradicated  the  evil  of  alkalinity,  and  that  land  iK'foro 
worthless  \a  now  liighly  productive. 

In  all  i)r()bal)ility  the  most  valuable  report  on  the  effects  and  causes 
of  alkalinity  was  that  made  by  the  *'  Reh"  (alkali)  commission  for  the 
Ali^arh  district  of  northern  India,  of  which  Mr.  11.  S.  Ileid  was  pn?si- 
dent,  and  amon^  the  members  of  which  were  Mr.  Medlicott,  th(^  suiH>ir- 
intendent  of  the  geological  survey  of  India,  Mr.  Burch,  tlu^  director 
of  agriculture  and  commerce,  and  others.  This  report  was  printed 
in  full  by  Prof.  E.  W.  IIilgard,«  of  the  University  of  C^alifoniia,  and 
its  substance  is  as  follows: 

Trac^ts  rendered  unculturable  by  excess  of  alkali  exist  more  or  less 
throughout  the  Northwest  Provinces  of  India,  but  it  is  diu*  to  the 
introduction  of  ext<jnsive  irrigaticm  works  that  no  appreciable?  increase 
of  the  area  of  alkali  lands  is  perceptible.  In  the  earlier  of  these  irri- 
gation works  no  provision  for  drainage  was  nuide,  and  tliey  wc^e 
simply  built  for  the  purix>se  of  affoi-ding  an  abundance  of  irrigation 
water.  (Gradually,  however,  it  was  noted  that  crops  began  to  lan- 
guish an<l  that  the  lower  lands  were  rapidly  being  converted  into 
8wami>s,  while  on  the  higher  lands  alkali  spots  wen>  rapidly  enhirg- 
ing,  while  new  spots  were  being  formed  wh(»re  nono  ha<l  i)reviously 
been  known.  The  cause  was  apparent,  and  there  was  no  difference 
of  opinion  regarding  it.  Not  only  near  but  within  even  considemble 
distance  from  the  canals  the  subsoil  water  level  has  been  raised  from 
a  depth  of  50  feet  to  within  a  few  feet  of  the  surface.  This  subsur- 
face water  has  brought  up  with  it  by  a  lejiching  i)rocess  all  the  alkali 
salts  existing  within  the  subsoil  thus  travei'sed,  and  by  evaporation 
these  salts  were  diffused  throughout  the  many  fec^t  of  substrata,  accu- 
mulating at  the  surface  to  such  an  extent  as  to  render  cultivatiim 
unprofitable  and  even  to  make  the  soil  absolutely  barren,  cov(M-ing 
it  with  a  white  crust  of  siilt.  While  the  (committee  agree  that,  the 
most  damage  has  l)een  brought  about  by  the  rise  of  this  subsurface 
water  by  the  sidewise  soakage  fnmi  the  high-lying  canals,  they  state 
that  the  troubh^  has  been  gr(»atly  aggravate<l  by  tlie  extravagant  use 
of  water  by  the  i>easants.     Thc»  remedies  suggested  are  as  follows: 

Fii^st,  a  deepening  of  the  two  canals  so  as  to  lower  their  wat<'r  l<»vels, 
and  hence  that  of  tin?  soakage  subsurface  level,  at  least  s<^veral  fe(»t 
l>elow  that  of  th«»  land  to  be  irrigated.  Secondly,  they  I'oeoinmmd  the 
establishment  of  a  system  of  <lrainage.  It  unfortunately  happms  tliat 
lK)th  of  these  measun\s  frequ<^nth'  offer  great  <»n«;iiUM'ring  diflieult  ies 
in  a  region  where,  from  the  scantiness  of  rainfall,  the  surfa<*('  cou- 
forniation  of  the  country  is  not  favorably  sculptunMl. 

The  investigations  of  the  commit t<M»  all  point  in  one*  direction,  viz, 
that  the  intnxluction  of  canal  irrigation  is  the*  prin(M[)al  cause  of 
alkali  extension,  and  that  when  th<'  n^noval  of  soakagt?  water  tak(\s 
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pliieu  nlmoHt  oxelusiyely  by  evaptiration,  irngRlinii  by  chiiiiIh  lami 
Biid  ill  ai  destrnctive  crop  of  alkali  where  the  iudigenous  rn^ouivesef 
th  e  gro  u  II  (1 1  n  th  at  wny  w©  re  co  m  jiarat  t  vely  h  h  r  in  1  uss ,  A  *s  a  re  tjutthj  thr 
membf^r^s  of  the  rom:}niMpe  ainio^ft  unanimouMf/  propa'ied  ihep  drtunrnjif, 
and  gn^M  importanoo  was  attAchpd  to  kftepin^  th(*  natural  draitiiigi! 
of  the  CO  u !  I  try  o  |k*  ii .  Xo  d  am  h  or  o  u  1 1  i  va  (.  lo  n  h  h  o  u  1  d  l>i>  si  1  k  *  wini  t  ri 
the  iiatunil  draiiiap*  tMiurnfM^^  and  tin*  mon*  WMt<*r  that  <*ini  Ik*  g«>tk'!» 
U)  flfjw  away  from  the  oanal  tnu^ts  thi^  li^HU^r,  whilt^  liiiy  iilknli  1  bat  it 
may  earry  away  in  solution  in  so  fur  n  gain.  I'he  cunmiittt^e  agrwd 
that  the  laviji!!  umt  of  eaiial  wat-er  winch  tlie  gravity*f!ow  syjiiera 
en  CO  u  raged  caused  ox  te  n  rti  v  t>  sat.  ii  r  a  t  i  o  u  o  f  the  soi  1.  A«  a  re?^  ii  nn*  uf 
the  evil  effects  of  irrigation  it  Ix^comes*  apjmrent  that  they  art*  almmi 
all  produced  by  a  wastef  nl  use  of  water  and  cartdeas  alij^ument  of 
canals,  advantage  not  Vieinf?  taken  of  the  natural  draina^^re  of  the 
country^  togi(?ther  with  careless  irrigation  of  thosi*  portions  of  the 
country  which  art^  too  low  to  afford  natural  drainage-  It  is  apparpBl 
that  alkalinity,  once  fairly  tleveloped,ean  never  be  eured  under  *^xiht* 
ing  conditiotis  uf  water  level,  and  the  same  i.s  donhtles8  true  of  mal^ 
rious  feveiu  The  primary  conditions  of  alkalinity  and  fever  may  b& 
0xpT^s8*^d  lis  defect! v*e  water  circulation,  tliough  ranre  Hiirfac^e  dmiii* 
age  is  ineffoctual  for  the  i-emoval  of  alkali. 

Helativrt  to  double  en>ppliig  the  aoil  the  ohief  engineer  of  th©  Punjab 
said  in  hit^i  n^port  for  IHKt*: 

Tht!  area  ilonble  ltop^mhI  tm  the  Bari  Doab  coiiid  wa^  H.i  per  cent  of  th*^  wboit 
area  and  nearly  cm«**fr.mrt;U  nf  the  ftntmtm  crf>p.  It  seemato  be  slowlj  incPMsini:. 
which  is  Tiot  ftat.i.sfat't«>ry^  as  the  jinii;ti(H>  \a  generally  detrimental  and  eiliansitiiu: 
t*y  the  Boih 

Similar  (Opinions  have  been  expiifHscd  by  other  engrineers^  and  the 
practice  of  double  croppinj?  is  not  encourajred  unless  HcconipaniHlliy 
the  free  use  of  fertilizers. 

Regartling  the  effect  of  irripition  ou  tin*  navij^fiition  of  rivers  and  ii* 
effect  f 01  riparian  rij^hts,  tVjl.  Ikiird  Smith  states:'* 

At  tbe  hmul  of  the  Juimia  (  nnuli*  th*3  -TnumH  Rivfr  ciirrieflEkt  low  seai^ion.  dminf 
four  montlujt. a  miijiiiiuiniff  '4~AMi  setiind-fHet.  The  canak  uf=io  3,0*J0  t4et**inJ-fptt 
lea^^ni?  tlu*  rivi r  Iw^rl  pnu'titiilly  <lry.  At  A^ra.  wliiidi  m  about  30^  iniW  h^^ 
d*^wn  theHiime  rivi^r.  the  Jiimna  earned  at  the  waiiie  period  about  :!,.>C»0  siecond-M 
and  y  an  unfnrdahlc  ntroauu 

This  an  i>pl  y  is  d  t*  r  1  \"  tn  1  f  ro  in  s  u  1  >s  u  r  f iice  d  ra  i  ij  ai^e  a  ml  see  jjagc  f Tom 
canals,  ho  that  the  canals  havT  not  in  the  least  affect^^il  navijL^tioa. 
The  Oanj^es  lliviT  at  llarclwar  carries  at.  lciistS,iHK)  HPcond-feet  *ii? 
whiidi  (f,7no  second- fr'ct  may  b*-  abstracted  by  the  eaiiiil.  Still,  Al 
Karonu  hnvt-r  di>wn  on  the  ^ame  streanu  and  the  heiul  of  the  Lo«^ef 
(irm^i*s  rMnab  the  stream  is  larf^i^  eunni>:h  in  arlniitof  2JHyi}  se<*ond-f«el 
bcin^^  taken  by  that  eaiuil  svilleMil  alTtn'liii*r  navigation. 
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WATER  DUTY  AND  EVAPORATION. 

In  discussing  the  source  of  supply  the  engineer  lias  to  (ieterinine 
the  quantity  of  water  required  and  the  area  of  irrigable  land.  It  is 
then  necessary  to  determine  the  "duty  of  water"  for  the  cTops  to  ])e 
irrigated,  the  qualtity  of  the  soil,  and  the  loss  to  be  anticipated  from 
evaporation  and  absorption. 

The  *'duty  of  water"  is  an  expression  which  is  used  in  India,  as  in 
the  United  States,  to  indicate  the  area  of  land  which  a  fixed  unit  of 
water  will  irrigate,  and,  as  in  America,  the  unit  adopted  is  1  cubic 
foot  per  second  of  flow,  or,  as  we  express  it,  1  "second-foot."  In 
referring  to  the  contents  of  reservoirs  the  Indian  engineers  usually 
quote  them  as  holding  so  many  cubic  feet  of  water,  but  owing  to  the 
difficulty  in  dealing  with  the  billions  of  cubic  feet  which  a  largo 
reservoir  will  store,  I  prefer  to  use  the  American  unit  "acre-foot," 
by  which  is  meant  a  quantity  of  water  necessary  to  cover  an  acre 
1  foot  in  depth,  or  43,560  cubic  feet.  In  designing  canals  in  India 
the  expenditure  is  frequently  reckoned  per  linear  mile  of  canal,  and 
this  hiis  been  found  to  be  generally  from  (J  lo  iS  cubic  feet  per  mile. 
Such  a  method  of  computation  is  possible  only  when  th(*  main  and 
branch  lines  of  canals  have  been  previously  determined,  as  it  enables 
the  engineer  to  regulate  the  cross  sections  of  the  canal  along  its  entire 
length,  diminishing  the  same  as  the  water  is  expended. 

The  duty  of  water  differs  greatly  with  different  soils  and  crops,  and 
has  usually  to  be  determined  by  the  engineer  for  each  locality.  The 
following  results  indicate  the  variability  of  duty  as  discovered  in 
India.  On  the  Mutha  canals,  near  Poena  in  IJombay,  the  <luty  of 
water  in  1888,  during  the  autumn  season  of  four  months,  was  as  fol- 
lows: Wheat  required  2.18  acre-feet  per  acre  irrigated,  or  the  water 
X)erformed  a  duty  of  170  acres  per  8econd-f(X)t.  Sugar  cane,  howi^ver, 
required  19  acre-feet  per  acre  irrigated,  the  water  performing  a  <luty 
of  43  acres  per  second-foot. 

Sir  P.  T.  Cautley,  from  results  obtained  experimentally  on  the  l)<'llii 
and  the  Doab  canals  in  1845,  discovered  that  for  that  region  soo  s(k*- 
ond-feet  constant  discharge  was  a  fair  irrigation  supply  for  KH)  miles 
in  length  of  canal,  assuming  that  a  district  having  an  area  on  <^ach  side 
of  the  canal  from  4  to  5  miles  wide  would  be  irrigatiHl.  On  each  100 
miles  he  discovered  that  the  canal  would  iriigate  237 A  scjuare  miles, 
and  allowing  that  only  one-third  of  the  area  eontrolhMl  was  irrigated, 
the  above  supply  would  sufllce  for  820  sciuare  miles. 

I^fore  procee<ling  to  a  further  consideration  of  the  duty  of  water,  it 
will  i)erhaps  1k>  well  to  examiiK'  some  of  tin*  theories  regarding  its 
determination.  The  following  remarks  are  liberally  ([uoted  from  an 
extremely  interesting  investigation  of  tliis  sul)j<M*l  made  by  Mr.  J.  S. 
Beresford,"  executive  engineer  in  the  irrigation  branch  of  th(»  Indian 
public  works  department.  Northwest  Provinces. 
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Tb^retlGaOy,  1  cubic  foot  of  waiter  ritiiuliii?  for  a  tucmtli  willi 
rtii  num  of  nil  acres  to  ti  depth  of  1  foot.  It  i«  ^^iii'tiiUy  heUI  I 
inoll»^^*  i*<  H  Ntfe  *illowaiice  for  ont*  watering.  51  n  Borv^ford  h  ( 
opinion,  liowi^ver,  that  more  than  2  or  3  iiieheH  i«i  rarely  ^von,  la^ 
to  iloti^rniino  Iho  dt^pth  of  iiioi^t^nied  tuiil,  the  followinf(  expeii 
was  nuidv  on  July  l'5,  whon  a  fall  of  5.5  in<*ht*H  of  ntiii  waft  gH 
th  f*  M  an  k  rt  st  at  to  n .  A  bo  ii  t  fi  vt*  1  o  i  u  rn  a  fio  r  t  1h  *  <  *t*!^H}i  lion  o  f  Y  li  fa 
fall  the*  fiehi  examined  was  eovfrml  with  a  lilm  of  water  avi^ragti 
itiidiKH  in  d('pth.  Saveml  hok*»  wen;  dti^,  and  thi^  depth  of  ttioia 
^oit  wnw  found  la  Ix*  from  10  ti>  18  inL'he»,  In  other  IJtdcl»  near  hi 
from  surfiM*c  waWr,  tht^  dojfth  wuh  f rom  12  to  18  inph<*vH — ^tliat  I 
initiu^  l.T),  or  4  tn^^hen  of  wat^r  will  momten  onllnary  Umtii  Uj  ^% 
of  from  [it  to  IK  inelioss*  A  fow  day^*  [intvttiiiKly  hidisn  hiid  In*^ 
ill  irripiled  fit^ld>4  of  tbo  saino  mA  that  Imd  boon  rei*i*ijUy  watCFoJ 
the  depth  of  moiHtened  oaith  wiU)  found  to  be  from  11  to  l^v^ 
On  t!u*  3<Uh  the  LA  inehen  of  standing  wator  had  diHappeHre|| 
more  holen  were  dug;  *>iie  in  a  low  place,  the  other  wiieiM*  the  g| 
go<jmod  a  f^^w  inehe^  higher.  The  depth  of  water  in  thc^  fori;!^ 
^  inehe^,  in  the  latter  IH  itieheK,  TIu*  eouclusioii  reatdied  w*U 
the  ground  ab-iort>ed  the  rain  uniformly  everywhere  tip  U3  h  fal| 
inehea  In  t«n  hourw^  the  duration  of  IhwHtorra  referred  to,  WhM 
tti  exeea»  aceumulat<?d  in  low  pltu^e^^  and  soaked  those  to  a  ] 
greater  deptli.  ( 

Not  a  drop  of  rain  had  fallen  hefoi't*  the  LMth  of  July  except 
fnwtion  of  an  itieli  on  the  5tlL  and  t»th,  which  softened  the  gr 
sufficiently  for  plowing.  Allovvin*:  4  inches  a^  the  depth  require 
one  waterinip:,  and  tliat  in  tiie  lint  test  w^ealhcr,  this  is  ^iven  only 
rt  month — for  if  watered  oftener  a  proportionately  less  quantity 
s u  fl i ee —  t h  e  1  h  e o re t  i ca  1  d  u  ty  o f  1  «e( *o n d -  foe  > t  o f  wa t e  r  i s  1  SO  a c  j 
the  Bunnner  inonlhs.  In  the  autumn,  lunvevor,  erops  are  nirtdy  i 
more  than  twt>  waterings,  nuvny  mily  one,,  and  the  theon^tical 
during  the  autumn  season,  allowing  tin*  watering  to  be  light**r 
in  ilu'  sunir*n*rMnd  jirt^haldy  alMuit  its  fretiuent,  ought  In  hv  .'tt*0  fl 
or  tlic  ihcoretieal  duty  in  the  locality  cxamintHl  should,  for  the  , 
be  51 H  J  acres* 

The  act  mil  duly  ohtnineri  nn  the  Im^sI  rii%"isions  of  the  ftiingOH  i 
in  the  TieighbiirhotHl   luider  exjiuiinnl  iorj   is  not   i>ver  100  to   ISO 
[)er  st*eond-foot,  or  about  tjue-ihird  of  tlu*  assumeil  theon*tienl  < 
The  r'e  are  su  fTi  ci  t  ^  1 1 1   slat  isti  f 's  to  show  w  hal   1 1 1  e  aetua  I  d  iily  is. 
next  inip4irtant    thing  is  to  nmk<^  thr  iln^orctical  and  actual 
a p p ro a*" h  as  c h  im  I y  m  pract i  cal  d e *     C o n s  i d  e  r i  u g  1 1 1 e  Ct an  gvn  can 
a  great  machint%  its  luincipal  parts  an^  the  main  (*aTjnl,  the  djst 
taries,  tia*  sillngt*  water  rourw^s,  an<l  tiir  rullivatin^  who  npplie 
walt*r     Each  tMibit*  fo(»t  eriti^riit^  tin*  ImsmI  is  <^\pended  t)rincipa] 
follows: 

(1)  In  wiuste  by  absorpljon  nuil  t'va]»oration  in  the  main  c 
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(2)  In  waste  from  the  same  causes  in  the  distributaries  and  in  the 
village  water  courses.  (3)  In  waste  through  carelessness  of  the  culti- 
vators in  not  distributing  the  water  evenly,  or  in  allowing  the  ground 
to  get  saturated  to  an  unnecessary  depth.  (4)  In  useful  irrigation  of 
the  land.  The  object  is  plainly  to  increase  the  last  by  reduction  of 
waste  through  all  the  rest. 

From  a  consideration  of  the  actual  duty  obtained  by  various  exper- 
iments as  compared  with  the  theoretical  duty  Mr.  Heresford  sliows 
that  the  efficiency  of  the  canal  under  consideration  is  sometimes  as 
low  as  25  per  cent.  The  next  point  established  by  him  is  the  nature 
of  the  waste  called  absorption  and  evaporation,  and  what  proportion 
is  due  to  eacli.  This  discussion  is  extremely  interesting.  The  loss  by 
evaporati(m  is  the  fii'st  considered.  Taking  a  distributary  30  miles 
long  with  a  water  surface  avemging  10  feet  wide,  the  loss  by  evapora- 
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Pio.  1.— Pentolation  and  cvaixiration. 


tion  per  second  in  this  length  of  water  course  would  be  0.8  of  a  cubic 
foot  b}'  computation,  and  assuming  that  the  area  of  water  surface  in 
the  village  channels  equals  twice  the  surfa<*e  in  a  mile  of  the  (listri])u- 
tary,  the  loss  by  evaporation  in  all  the  village  channels  would  be  l.G 
cubic  feet,  or  the  whole  loss  by  evaiK)ration  on  the  distributary  30 
miles  long  with  its  minor  water  courses  would  be  over  'l.h  s(KM)nd-feet, 
or  about  5  per  cent  of  the  probable  discharge.  Fi*om  this  w(»  see  that 
evaporation  is  not  of  so  much  consequence^  as  far  as  the  different  ('han- 
nels  are  concerned  even  in  thi^  hottest  weather,  and  may  be  negh^'ted 
in  the  autumn  season.  The  chief  loss  must  tluMM^fore  be  du(^  to  jM^reola- 
tion  and  absorption.  The  former  nmy  ])e  said  to  be  <lue  to  eultivation, 
the  latter  to  capillary  attraction. 

With  the  aid  of  the  accompanying  illustrations  (tig.  1)  the  following 
discussion  will  be  readily  appreciated.  Absorption  is  a  more  compli- 
cated process  than  percolation.     The  latter  takes  place  lu  lK\^^ldQ.\r^ 


iRjiiaAtiusr  IS  iittitA- 

eoam  ^imv^i*!  in  a  mmsmfr  sEnllar  tu  thai:  by  whiih  '^ 

ykpm  orstruluer^  iu  thf^  liciltJiui  <if  a  ve9s$ii4«  and  tho^|iuiU'  m 
tikrliitrj|£rc1  {it'f  i«M«fii3il  will  i]t%|»i^t]il  an  thi*  miM*'  of  th^  mlenHiof^ '  Ik 
)otji*is  Uit*ir  iiumlN^r,  tlie  Ih^imI  f*r  ihi?  ualur,  ete.  Tb^  tJiicl-  .kt 
^fik  tliniuirh  which  the  wiiU*r  im  e$$4^ptn{r,  the  longer  au^I  m^tr 
taokjan  Ur'  chatiti^ht  oC  i*ttcii|ie  wUl  be  and  thf.^  greAl'f^r  thr  fniiM: 
fit  elm  qii««ticHi  ot  dimimx^  defieiids  ou  th^  f^mnw  iinutniik^  ;^^  a<r. 
ke  diftehargtp  Uifouglt  pffieo.  If  llie  frrrnvt^l  t^  mntnidf-rpil  Ui  \i»^  )miim 
%%o  r4M7  lltie  ttiLtHl  ftfld  th^  emliankment  fartni^i  uf  this  materkl^tb 
rlm'iplftH  «if  dtM.'^hKrgi'  m^  i|tiite  ehani^.  The  iottf^rmiee^  an*  ivvi 
if}  Amall  And  m^t  in  thr  i^uime  manner  as  da  i-»ptUnry  tuk^.  I! 
mpiy  thi?  wiitA*r  rtii«ht^  in  jiiiil  filb  ihu  ravtlief^^  and  If  the  partid^m 
iffiiHi^oily  fitict  thpy  mhs  rammiMl  i^Iikh*  tog^her,  and  the  embanks^ 
^crf  a  c>«rtait]  wklUi,  the  water  U»  roftaiaed  la  the  eitvitie^  with  ^roAtr 
ffoelhan  tliat  daelii  th»  liydrastalie  head  pn^nbt^  it  through  Dn 
^M^  lliat  ihaii  retains  the  water  bi  termiMl  eapiltjirity,  and,  ftlthooteh 
^may  in  rv^illty  be  thi^  ^mt^  thing  iisgravt tat iuti,  it  may  In  thisdti* 
ilii^iort  lie  c^i|i»idt;iHfiil  a!«  i[%%iU*  u  m^|MimU3  force. 
iF%,  I,  S<K  I,  rri>n*«enl*  a  elmiini^  in  ii  gravel  soil  or  unc  t^mpo^ 
r  eoaim^  aand^  and  the  dotJi  tiidioatiL*  the  nuintier  in  whtth  the  walpf 
tould  trickk  thmngh  the  |n>^und.  No,  2  repreaent^  what  would pn*l]- 
bly  take  plaee  it  Ihe  action  of  i^iBvity  vrerc^  Hu.S[jended  and  ont^ 
te^rption  btT»ught  to  phiy  iti  a  hotnog^nacias  solL  Jiot  gravity,  wtij«i  ] 
Ls  hIwuvs  in  pUv,  tnodtfirji  thb  capillary  aetion,  and  the  waiter  has 
aetuiiUy  to  follow  the  ivsultant  of  two  forceps,  Xo,  3  explains  tins 
a(4ioii,  whore  the  struijLcht  lines  and  their  resultants  indicate  the  db- 
taiH^e  ti>  wliifh  eapilbirity  a  ltd  gmvity  aloue  and  combined  mil  cArry 
tlie  parti<*leNof  water,  and  the  result  would  be  iw*  f^how^n  in  Xo.  I. 

That  ahs(jr[iTJT*ii  diM.*s  iitit  makeitstdf  mavQ  visible  in  high  embauk- 
ment^i  i.^  due  tu  Ivvu  n.*iisuiis,  the  tlfst  being  that  the  Boil  in  low  places 
is  niueh  mure  elajev  than  idisewhen*,  and  there  only  are  hi^h  euihapk- 
ments  <*<mstrn(*ted,  and  the  seeoud  that  absorption  eeases  when  the 
absorbing  iiiediuiii  is  limited.  In  an  embanked  channel  the  absorb- 
ing medium  immediately  stops  at  tlie  outer  slope,  and  only  what  hiis 
evaporated  is  made  good  by  absorption.  If  we  dig  a  hole  in  a  bank 
of  sandy  soil,  as  represented  in  No.  5,  and  the  hole  be  tilled  with 
water,  this  will  dry  up  in  a  few  moments,  but  if  a  layer  of  elay  is 
spread  on  the  ground,  as  in  No.  0,  and  an  inclosure  made  with  the 
same  sandy  soil  rammed  as  a  natural  bank  and  filled  with  water,  the 
latter  will  not  decrease  beyond  what  the  banks  at  first  absorb.  In 
the  first  instance  the  absorbing  medium  is  unlimited;  in  the  second 
it  is  limited  to  the  soil  in  the  eml>ankment.  It  is  for  this  reason  alone 
that  sandy  embankments  can  dam  up  water  at  all.  A  very  interest- 
ing exi^eriment  suggested  by  Mr.  Beresford  well  illustrates  this  action. 
Take  a  bottle  and  close  the  mouth  tightly  with  a  snuiU  piece  of  si)onge. 
If  the  bottle  is  then  turned  upside  down,  the  sponge  will  become  sat- 
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Eited,  but  unless  pi-essed  by  the  finger  will  give  out  ho  water.     If 
«ther  large,  dry  sponge  is  placed  in  contact  with  it,  the  water  at  once 
ins  to  flow  through  the  sponge  in  the  neck  of  the  bottle,  and  this 
tinues  until  the  second  sponge  can  absorb  no  more. 
"We  may  fairly  conclude  that  it  is  the  layer  next  the  wotted  i^erim- 
>r  that  llmit-s  the  quantity  absorbed;  that  the  greater  its  area  the 
.^re  it  will  pass  through  to  the  still  greater  area  of  the  next  layer. 
BWerything  being  equal,  we  may  say  that  absorption  varies  as  the 
^••©tted  perimeter.     Hence,  for  sections  of  canals  of  small  length  we 
^temy  take  the  loss  as  being  so  much  per  mile,  but  in  general  the  dis- 
charge and  wetted  perimeter  decrease  with  the  length,  but  the  latter 
ikot  nearly  in  the  same  proportion  as  the  form(»r.     Thus  the  loss  up  to 
•ny  i)oint  may  l)e  found  when  the  loss  between  two  other  j^oints  is 
^  found.     The  total  loss  up  to  any  point  is  the  loss  in  the  lirst  mile 
multiplied  by  some  function  of  the  length.     This,  in  some  eases,  has 
been  found  equal  to  five-sixths. 

Mr.  Beresford  next  entei*  into  an  interesting  computation  in  which 
the  efficiencies  of  the  various  causes  of  waste  are  (*onsider(Kl  as  alge- 
braic factors  with  the  numerical  values  det(»rmined  as  above,  while 
the  efficiency  of  the  cultivaTor,  which  varies  within  wide  limits,  is 
taken  as  being  between  0.5  and  O.O,  where  unity  represents  his  effi- 
ciency at  the  theoretical  limit.  He  finds  the  loss  from  percolation  to 
be  1.25  cubic  feeC  in  the  first  mile,  and  in  long  lengths  of  canal  about 
a  quarter  of  a  cubic  foot  per  mile.  The  final  result  obtained  indi- 
cates that  for  each  cubic  foot  entering  the  distributary  only  o. 08  is 
available  for  fields  Ixjj'^ond  the  tenth  mile. 

The  remedies  heretofore  applied  to  lessen  these  defects  have  l)een 
few.  The  distributary  of  to-day  is  the  same  as  that  of  thirty  years 
ago,  so  far  as  construction  of  channel  is  concerned.  The  minor  water 
courses  are  rarely  constructed  or  attended  by  an  engineer,  and  as  a 
rule  are  badly  aligned  and  constructed  and  not  maintained.  The 
cultivator  is  the  only  part  of  the  machihe  whi(*h  has  l)een  iini)roved. 
Mr.  Beresford  is  of  the  opinion  that  the  widest  field  for  improvement 
is  in  the  minor  water  courses.  The  same  applies  to  the  private  irri- 
gating channels  of  the  farmer  of  our  own  West.  These  minor  chan- 
nels ai-e  certainly  on  an  avc^rage  25  j)er  cent  loiigtM*  than  ne<Ml  be. 
They  even  run  a  long  distanee  through  sandy  ground,  whieh  a])sorl)s 
a  great  proportion  of  water.  The  size  of  discharge*  of  the  module  or 
regulator  is  frequently  not  suitcnl  to  the  length  or  conditions  of  the 
water  course;  and  two  dilTerent  water  <*our.ses  sometimes  run  side  by 
side,  thus  increasing  the  wetted  ix^rimeter  and  the  cons<Hiu<»nt  loss. 
The  first  recommendation  mad<*  by  Mv.  H(M'esl'ord  is  in  all  eases  the 
construction  of  a  good  map.  This  is  desired  by  all  eanal  engineers, 
but  it  is  rarely  nmde,  because  it  is  thought  to  m(»an  an  inidless 
amount  of  surveying.  The  saving  from  the  construction  of  such  a 
map  would  be  more  than  paid  for  in  the  saving  of  water.     It  is  rec- 
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imiDeiiilecl  that  all  small  water  coursen  be  puddled  wliou  nitmbf 
Tirough  ftamly  hoiI.  A  layfif  3  laches  thiek  (fig,  1,  Kw.  7)  waulil  ssaf- 
ice.  If  Urn  otmt  of  this  wa«  as  miiGh  as  $101)  per  riill***  it  wtMilil  not  bt 
ixorbttant,  for  in  the  length  of  a  mile,  if  the  diseharg€<  nt  the  hewd 
ii  1  KOcoiid-foot  and  the  loss  25  per  eent,  the  saving  effeeUHi  wotild 
n (urease  the  duty  by  froiE  1^0  to  40  acres. 

The  losses  in  distributaries,  althou^jh  proportionately  Ifm  than  In 
^ho  minor  eliaiineb,  are  often  large,  especially  in  n^weHanneU,  TV 
mHicles^  of  saml  or  silt  carried  in  suspension  are  UBimUy  ilnippptl  m 
he  upper  reach,  but  particles  of  clay  or  very  line  isand  nn?  carried  t© 
.he  very  tail  and  are  often  deposited  on  the  sitles  and  bed  to  a  ooasi^- 
irable  thickness,  forming  a  more  or  less  impcrviouft  lining  or  silt  bena. 
The  deposit  on  the  lK*d,  even  a  lonj^  way  down^  is  iiior<*  eluirginl  with 
iand  than  is  the  berm.  The  sand  Ixiing  heavier,  drops*  t4>  the  grcmnd, 
md  as  it  is  rolled  along  picks  up  the  lighter  particles*  of  clay,  Itts 
lot  recommended  that  the  sides  of  the  distributaries  be  pnddknj  iinlej^ 
n  the  first  few  mil*^,  but  the  bed  in  sandy  soil  might  bo  advanLi- 
^eoasly  puddletl  everywhere  to  a  thickness  of  several  inches.  A 
temporary  measure  suggests  by  Mr.  Bcresford  is  to  oollcct  clay  and, 
iireaktng  it  into  fine  particles^  throw  it  in  near  the  canal  head  i^r  %l 
ihe  falls,  when  the  Jiction  of  the  water  will  thoi'oughl3'  break  up  ihit 
ilay  and  carry  it  into  the  berms  and  wat«r  courses  mUes  lielow,  thus 
•endering  them  iui pervious. 

In  18<i7  Mr  E.  C.  Palmer,  executive  engineer  of  the  irrigration  works. 
Nort Invest  Provinces,  mad<*  some  int^a resting  experhnciits  in  thi.*  ^kwe 
direction  on  the  l^ari  Doab  canal. ^  Among  other  experiments  eon- 
ducted,  one  was  made  to  determine  the  time  required  to  saturate  thor- 
oughly an  acre  of  ground.  In  these  experiments  the  discharge  orifices 
were  15  feet  in  length,  each  of  the  same  dimensions  and  w^orking  under 
the  same  heads.  The  experiments  were  repeated  on  different  varieties 
of  land.  It  was  found  that  an  average  depth  of  3  inches  of  water  on 
the  whole  sui-face  represents  a  thorough  watering  on  average  soil.  In 
sandy  soil  it  was  as  much  as  4  inches.  This  gives  10,454  cubic  feet, 
or  about  one-fourth  acre-foot,  as  the  volume  required  to  water  1 
acre.  In  ordinary  soil  the  average  is  actually  a  little  over  O.J  of  a 
foot,  or  i^yirA)  cubic  feet.  In  tliese  experiments  the  quantity  of  water 
varied,  according  to  the  soil  and  other  circumstances,  between  0,(M)0 
and  14,500  cubic  feet  per  acre  for  one  watering,  and  the  time  reipiirtHl 
to  water  an  acre  varied  from  two  to  twelve  houi-s.  In  the  dry  season 
wheat  required  four  waterings  and  10,500  cubic  feet  of  water.  For 
the  first  w^atering,  in  order  to  prepare  the  ground  for  plowing  and  sow- 
ing, 8,000  cubic  feet  were  required,  and  the  same  amount  for  each  of 
the  remaining  four  waterings  on  the  standing  crop.  An  acre  of  wheat, 
therefore,  required  42,500  cubic  feet  to  mature  the  crop,  or  nearly  an 
acre-foot  of  water  j^er  acre.     At  the  prices  then  current  the  cost  to  the 
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State  was  75  cents  per  acre  and  the  water  rate  derived  was  $1.00  per 
aere.  The  time  required  to  cover  an  acre  of  land  was  0.445  day,  or 
2.2  acres  per  day.  For  standing  crops  the  rate  is  about  4.4  aci-es  per 
day,  as  they  ordinarily  require  not  more  than  half  as  much  water  as 
iB  necessary  for  plowing. 

The  losses  by  evaporation  and  absorption  and  the  duty  of  water  are 
now  well  known  in  India  on  the  various  lines  of  canal  and  for  the 
numerous  reservoirs  that  have  been  in  operation  for  many  yc^ars.  In 
the  Northwest  Provinces  the  duty  of  water  for  the  year  1888  varied, 
for  different  crops,  from  120  to  194  acres  per  second-foot,  and  the 
money  value  was  from  ^143  to  $286  per  second-foot.  From  experiments 
conducted  on  the  Betwa  canal  in  the  same  province  it  appears  that 
mixed  sugar-cane  and  indigo  crops  (which  need  much  water)  required 
a  total  volume  in  eighty  days  of  310,000  cubic  feet  per  acre  for  wet- 
weather  crops,  while  the  autumn  crops  required  150,000  cubic  feet,  or 
about  3i  acre-feet  per  acre.  In  some  experiments  made  on  the  Nira 
canal  to  ascertain  the  amount  of  wheat  which  could  be  irrigated  in  a 
given  period  of  time,  it  was  found  that  with  a  second-foot  of  flow  8 
acres  of  wheat  could  be  irrigat.ed  in  twenty-four  hours. 

In  estimating  the  supply  of  water  necessary  to  irrigate  a  giv^^n  area 
of  land  it  has  been  found  from  actual  experiment  that  a  large  propor- 
tion of  the  land  covered  by  any  given  irrigation  system  is  always 
onirrigated  and  that  water  need  only  be  provided  for  a  certain  small 
I)ercentage  of  the  total  area  of  irrigable  land.  This  land  is  not  irri- 
gated for  several  reasons.  It  may  be  occupied  with  buildings  or  roads 
or  be  in  use  as  pasturage.  A  certain  proportion  receives  water  by 
seepage  from  adjacent  irrigated  fields,  and  another  portion  is  occupied 
by  towns  and  villages.  In  drawing  up  the  projects  of  the  great 
canals  in  the  northwest  it  was  found  by  data  derived  from  experience 
on  the  Jumna  canals  that  each  second-foot  of  discharge  was  capable 
of  irrigating  218  acres,  and  it  was  reckoned  that  for  each  acre  irri- 
gated there  would  be  2  other  acres  un watered.  Hence  each  second - 
foot  represented  a  duty  of  654  acres,  or  approximately  1  square  mile. 
In  drawing  up  the  project  for  the  Soane  canals  in  Bengal  Colonel 
Dickens  reckoned  thi'ee-quarters  of  a  second-foot  to  every  sc^uare  mile 
of  gross  area.  To  date  the  Soane  canals  have  been  in  operation  tifteen 
years,  and  yet  there  is  a  demand  now  for  not  over  100  acres  in  (140,  and 
the  system  of  distributaries  as  designed  for  these  canals  has  proved 
to  l>e  unnecessarily  elaborate.  In  the  Punjab  it  is  customary  to  design 
works  to  irrigate  only  from  20  to  30  per  cent  of  the  area  covered,  and 
where  water  for  more  is  demanded  it  is  usually  not  given,  as  it  is  bad 
for  the  land,  producing  water-logging  and  its  consequent  evils.  The 
experiments  made  on  the  eastern  Jumna  canal  in  1845  showed  that 
on  the  Saharanpur  division  one-lifth  only  of  the  total  area  cultivated 
wae  actually  watered,  and  on  the  two  other  principal  divisions  the 
percentages  were  one-fourth  and  one-third,  respectively.     A  similar 
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eK  peri  moil t  eonrhicted  the  mme  yeBf  on  the  weet^rn  jQiuna  c^uil 
showed  that  of  the  t4>t»i  area  cnttivai««l  from  one- half  to  oDe-tyri 
only  wa«  aetually  waterf^cL 

In  gagiug  the  velocity  of  discharge  of  river&  in  India  floata  are  wm- 
a!  ly  < * II 1 1*1  oy ed .  I  ii  80 iii e  u  f  ih o  ^reat  r i  ve fs  wlie n*  1 1 1  e re  « w*  w^iii  m^ 
^triK.^led  the  depth  at  wnt^er  {M^^ug  over  the^e  witir^  j;iv9s  ft  niMt 
of  the  vohime  of  discharge;  in  a  few  eases  only  are  eurrent  meim 
ujied.  In  the  eanal^s  the  discharge  is  almost  iD\mriably  obtained  If 
meanii  of  woodeii  ihrnl^^,  j^totiietiiiie.^  floniiug  on  the  nurfaee  and  m 
limes  mit>nierged.  Thesie  are  timed  fur  given  distaiiee^j^,  iuwaHj 
marked  out  lu  an  aqueduct  ur  other  portiona  of  the  ehatinel  vbt*jv 
pe rni an e u  t  ^^^  roils  are  establ  ih hed .  tin  t he  ui i  n  or  it  ist  ri  [ » u tMru» 
V*t*hai)ed  weira  ait?  lu  general  use  for  the  measurement  of  dij^>hjiTxt^ 
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CHAPTER  VI. 

WEI^IiS  AND  INUNDATION  AND  DEI^TAIC  CANALS. 

WELLS. 

Iis  before  stated  in  classifying  the  irrigation  works,  lift  irrigation 
m  wells  is  extensively  practiced  throughout  India.  Wells  are  eco- 
nically  among  the  most  important  irrigation  works  in  India,  because 
y  are  the  most  general.  They  vary  in  depth  from  10  to  00  feet, 
I  may  be  unlined  if  shallow,  lined  with  stone  dry-packed,  or  with 
sonry. 

^'he  monies  of  lifting  water  from  wells  are  of  different  kinds,  viz,  by 
ans  of  a  bucket  raised  by  a  well-sweep  and  called  the  paecottah, 
ensively  used  in  Bengal;  by  means  of  a  mot,  whereby  a  leathern 
f  is  raised  from  the  well  by  bullocks  walking  away  with  a  rope — 
lethod  that  is  practiced  most  extensively  in  the  Northwest  Prov- 
es, in  central  India,  and  Bombay — and  lastly,  by  means  of  the 
psian  wheel  (PL  IV,  A)y  employed  chiefly  in  the  Punjab.  As  an 
lication  of  the  extent  to  which  wells  are  employed  in  irrigation,  we 
(1  in  the  Central  Provinces  6*50,000  acres  irrigated  from  tanks,  while 
),000  acres  are  irrigated  from  wells.  In  Madras  there  are  31,000,000 
•es  under  cultivation,  of  which  5,320,000  acres  are  irrigated  by 
lals  and  tanks,  and  2,000,000  acres  by  400,000  wells.  In  the  North- 
8t  Provinces  in  1888  the  area  irrij?ated  by  wells  was  358,000  acres, 
23.0  per  cent  of  the  whole  area  under  cultivation.  In  Coimbatore 
ire  are  said  to  be  100,000  wells  sunk,  in  many  c^ses  through  hard 
•k,  to  a  depth  of  80  or  90  feet,  and  cajmble  in  ordinary  seasons  of 
igating  from  1  to  4  acres  each.  As  a  contrast  with  the  utility  of 
lal  or  l^nk  irrigation  it  has  been  estimated  that  the  Ganges  ('anal 
ne  replaces  the  work  of  300,000  men  and  1 ,300,000  bullocks,  besides 
reasing  the  value  of  crops  irrigated  by  wells  by  50  per  cent, 
[lie  paecottah  of  southern  India,  also  called  the  lat  in  upper  India 
in  Egypt  the  shadouf  (fig.  2),  is  usually  worked  by  two  men  who 
or  from  six  to  eight  hours  daily.  Authorities  estimate  tli^t  they 
1  raise  from  400  to  2,000  cubic  feet  per  second  per  day.  From 
derate  depths  three  men  working  two  paei'ottahs  will  water  three 
es  a  season.  The  mot  {hg.  4)  is  a  leathern  bucket  made  of  a  whole 
lide,  and  is  raised  by  two  bullocks  walking  down  an  incline  and 
,wing  after  them  the  rope  attached  to  it.     When  the  bucket  reaches 


Ih<!  fiurfaoti  it  i^  emptied  n  u  tarn  at  kf illy  urhy  ati  attvindatit,  h  Boi 
bay  tbf!  biiMtM^k^  usually  rotiirri  hy  walkiri^  bttekwiinl;  ol*twhenet^ 
an*  lioi  tiTiinod  tfj  da  tbb,  iind  thi-y  far*^  about  to  n^urniFimi 
SouKstimoH  t  wt>  yoke  of  oxeu  are  used  hitched  altariiateJy  to  the  wp^ 


^#^s    V  -r  ^ 
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From  tho  Caknitta  En^jineers'  Journal  it  appears  that  two  bullo< 
working  ten  hoiii's  a  day  for  a  season  of  ninety  da\'8  will  raise  w 
the  mot  102,000  cubic  feet  of  water,  or  al)out  .'if  acre-feet. 

The  Persian  wheel  (fig.  .*>)  consists  of  a  large  wheel  revolving  ve 
cally  in  a  shallow  well.     On  its  outer  \)<'vi\^Ucry  are  a  lar^e  uumbei 
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]>uckets.     These   lift  the  water  and  empty  it  into  »  troujrh, 
ce  it  runs  into  the  ditches.     The  wheel  is  made  to  revolve  by 


Pi<».  3.— Persian  whoel. 


gnaa^ 
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Fh».  4.    Sin^lo  inot. 


IS  of  a  rogj^ed  gearing  and  is  turned  l>y  two  bullocks  walking  in 
•le  and  hitched  to  a  horizontal  sweep.  By  this  method  it  is  esti- 
d  that  2,000  cubic  feet  of  water  may  be  raised  per  day. 
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tNUKDATION  CANALS. 


f        Tlin  i  iititHlti.t  km  vmrnl^  of  India  have  bi+eii  const  ni<Trecl  antl  »n^**hi 
umj^l  In  ilN>  valley  uf  tbe  lDrla»,  ami  ii8  they  have  ito  piTRLii&ent  1 
works  Ihey  *iep*>iK!  for  their  utility  on  two  oonditioiiit  g^etiertllyt 

I     in  the  United  i^tatefl.     First,  the  Ktrenm  from  which  an  iiiiiiiil«iM 
«3StiaI  In  taken  tnu»t  flow  at  a  high  e!evati4>n  relattve  to  tbe  siiiriaa^il] 
tht^  HiunHuidiug  pouutry;  that  is,  Hm  bed  miiHt  Ikf  uracrivally  ufit 
gtimiiLit  of  a  riiij^^s  Hf4  li*  the  vn^  with  the  lower  8iH*rHmcnto  liiit]  Hi 
^iBHtppt  nvt*ra*     H4xsoiid,  thtt  rivor  must  be  8ubj***!!t  to  great 
floodg  lasting  through  i\  \ong  period.     Innndation  work^  Imv^  ' 
amoiig  the  most  j>rofit.at>]e  eanals  operated  in  Iintia^  cdiietly  l>ec3iiM| 
their  ftimplleity  of  oonstmction.     As  a  general  thing  the  inmitl 
(vioiiIh  dlveHed  fmin  the  r ham  of  the  Punjab  and  Sin d  arenit^dti 
irngati^  Uie  low  lain  tn  otily.     Cutn  are  made  from  the  river  inland  fd 

1  a  oerttiin  distanect  thence  the  eatial  line  follows  the  general  sloj)*?  < 
th«  eoiiutry.  By  these  f^in«b  the  autumn  erop  is  wat4:*red  whoiii 
river  is  in  floo<l.  Larpre  qniuitities  of  silt  are  left  in  the  beds  of  t 
€*^nalH  or  heaped  up  at  their  months,  vai'yiag  from  1  to  8  feet  in  depli, 
ami  this  is  cleaned  out  during  the  eohl  season.  From  the  main  can» 
till*  water  isdlstributt^d  to  the  fields  by  h  ran  eh  eanals  and  minor  rlu^i 
tiels  in  a  mode  similar  to  that  em  ployed  in  irrigating  fro  ni  other  miiHii 
There  are  no  works  at  the  heads  of  Inundation  canals  to  eotitrul  tbi 
supply  of  water.  T}ic*y  are  constructed  on  rivers  whose  courses  ar*w 
uncertain  that  they  may  at  any  time  desert  the  head,  when  tlie  ivaw 
will  have  to  be  bnmght  into  tlie  canal  by  a  new  month  exetivjtttdtljt 
ne xt  se^ison .  ITnde r  an y  c i re 1 1 m sta n ees  th e  d  e jmjs i t  of  s 1 1 1  at  th t  hi^M I 
iaconsiflenibh*  ftnil  wonM  riat  orally  l«*  increased  by  anythin^Mii  tbtl 
shape  of  a  tlarn,  Thr  laixir  in  clearing  the  silt  is  a  lieavy  anntiall 
charge  on  the  Ijeiiefits  receivefl  from  the  water  and  the  nnmfroml 
desert+^d  channels  in  various  [mils  of  the  countrj^  sliow  that  \u\\^\ 
carefully  maintiune<l  thes*^  canals  simn  iMjcome  useless. 

Channels  tlniis  opening  direct  from  the  river  and  unprovided  ^til? 
re  'g  1 1 1  at  i  n  g  w  <  j  j-k  s  a  re  s  n  I  >  j  e  e  t  to  s<  n"  e  ral  d  isad  v  an  tage  s .     Th  e  eu  rirnt  1 
uf  H  riviM'iuay  set  on  the  inonth  <jf  the  4'analorou  the  bank  and  wa«*h 
it.  away.     The  supply  may  become  tuo  great  in  the  large  IIcmrIs  or  niav 
he  altf»gethetTut  ofT  owing  to  the  tlestruetiou  of  the  head  or  the  chaajE- 
ing  of  the  coursiMif  tlie  river.     The  violent  action  on  the  mouth  of  tk 
ehanrji*!  may  Im^  clnM^kml  ton  certain  extent  by  revetments  and  gn>yTie* 
and  other  river-traiiiing  works,  but  these  also  have  the  eftect  of  divert- 
ing tlu!  action  of  the  stn^ani  fi'om  its  natural  course  and  may  throw  Jl 
away  i'roni  tlu'  c^unal  ln'jnl. 

Nearly  all  Indian  rivers  from  which  innndatit>n  canals  are  diverted 
flow  in  broad  curves  through  wide  flood  plains.  At  pla<*es  whert^  tha 
ctirvi*s  liavt^  rhati^^ed  are  extensive  depressions  containing  water, 
CiilLcd  dundii  in  Sind  and  i^aia-,y  in  tl*>ugal.     These  are  similar  in  all 
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ipects  to  the  bayous  or  lagoons  of  the  Lower  Mississippi  and  neigh- 
i:K>xdng  rivera.  These  depressions  are  frequently  the  sites  of  the  heads 
t>f  inundation  canals,  though  not  infrequently  such  canals  head  in 
ftli.e  true  bank  of  the  main  river  from  which  they  draw  their  supply. 
^l!*he  object  in  using  dunds  as  c^nal  heads  is  that  they  are  much  larger 
^lian  the  canals  they  feed,  and  as  the  velocity  through  them  is  corre- 
spondingly low,  silt  which  would  otherwise  be  deposited  in  the  canal 
lis  dei>osited  in  the  dunds,  thus  reducing  the  cost  and  difficulties  of 
^Q&nal  clearance.^ 

Experience  seems  to  have  taught  the  native  rulers  of  India,  who 
^soBstructed  most  of  the  inundation  canals,  the  necessity  of  locating 
l^^ad-works  at  points  where  they  would  be  screened  from  the  full  force 
Ot  the  current  during  flood.  Experiments  by  Colonel  Trt^menheere, 
XI.  £.y  on  these  show  that:  1.  Inundation  canals  which  draw  their  sup- 


FiG.  5.— Inundation  canal  heading  in  dund. 

ply  from  branches  separated  from  the  main  river  by  islands  covered 
by  brushwood  and  long  grass  contain  a  comparat  ively  small  amount 
of  suspended  matter.  2.  Canals  having  their  heads  in  the  main 
stream  where  the  velocity  is  normal  usually  contain  silt  to  t  he  extent 
of  one  three-hundredths  by  weight,  and  that  about  one-third  of  this 
quantity  may  be  deposited  in  the  canals.  3.  Canals  having  their 
heads  in  the  main  streams  at  a  point  where  the  channel  is  rcsstricted 
and  the  velocity  increased  may  contain  silt  to  the  (^xtent  of  one  two- 
hundredths  by  weight,  of  which  one-half  may  be  (lopositcd  in  the 
canal. 

In  the  Punjab  the  inundation  canals  begin  to  till  Avith  wat^T  about 
the  last  of  April  and  run  dry  toward  the  end  of  S(»i)tenil)or.  During 
the  earlier  months,  when  the  flood  is  high,  lift  irrigation  is  practiced. 
The  superiority  of  the  river  water  for  agricultural  irrigation  over 

aBnckley,  B.  B.,  Irrigation  Works  in  India  and  Egyi)!,  E.  &  P.  li^ .  ftpoii^ljOxAowA'®^^  AK 
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■e  working  expenses  were  $197,000  and  the  net  revenue  $74,000. 
■e  Average  per  cent  of  net  revenue  on  capital  expended  on  those 
■wis  was  0.58,  while  on  the  Indus  and  Shahpur  canals  an  interest 
S3.55  and  28.76  per  cent,  respectively,  was  realized. 
31ie  following  table  gives  the  important  data  concerning  the  six 
Incipal  inundation  canals  of  the  Punjab: 

Pitiijab  inundation  cttnoh. 


w«w««  Main     ^w?J„f      Areairri-     !  tnnSff*  ;  Capital  «.ut. 


MiteM.  Sec-feet.  Acre*.              Inches. 

Sutlej 225  9,780  247. 68:^  ,         la.O  !    $27(V.(i00 

Sotiej :«Ki  5,700          271,545  j          6.8  L...  

,b -         .         262  I    4,804  i        130,455  1 

713  5,164;  225,000  i          6.6  1      238.000 

(Shahpnr) 79  1,125  42,000"        12.8:        72.000 


■nlbu^arh 886       7.284  318.225  5.2 


Total 1,2:M.908 


The  total  area  irrigated  in  the  Punjab  by  inundation  canals  was 
S20,000  acres,  about  two-fifths  of  which  were  autumn  crops. 

DELTAIC  CANALS. 

Before  entering  into  a  discussion  of  the  i>erennial  canals  of  the 
^[faer  lands  of  India  a  general  description  will  Im'  given  of  the  grt^at 
orks  constructed  near  the  mouths  of  the  larger  deltaic  rivers,  as  many 
Fthe  weirs  and  mechanical  mmles  of  controlling  water  in  use  on  them 
111  be  of  int>erest.  These  canals  have  been  constructed  in  an  almost 
ivel  country,  with  low  slopes,  and  are  univei-sjilly  intended  for 
avigaticm  as  well  as  for  irrigation.  Aside  from  the  mechanical  details 
Sferred  to,  these  canals  are  of  little  interest  to  the  American  engin(»cr, 
I  the  conditions  do  not  favor  similar  works  in  our  country. 

Deltaic  canals  are  tru<j  perennial  canals,  but  are  here  distinguished 
mm  the  latter  l)ecause  they  are  situated  on  a  difTiM-ent  class  of  rivei's 
!Om  those  found  in  the  United  States,  and  ajiart  from  the  hetwl-works, 
^lators,  and  other  prominent  works  upon  them  do  not  resemble 
BCh  irrigation  canals  as  are  likely  to  be  constructed  in  this  country. 
IB  the  name  implies,  deltaic  canals  usually  head  at  the  x)oints  at  which 
Ivers  divide  into  numerous  branches  as  they  enter  their  deltaic  tracts 
ear  the  ocean,  as  does  the  Mississii)pi  near  New  Orleans.  A  number 
f  such  canals  have  Ikmmi  built  in  India,  of  which  several  large  ones 
re  in  Madras  and  two  in  Bengal." 

■Buckley,  R.  B.,  IrriKration  WorkH  in  India  and  Egypt,  E.  St  F.  N.  S]x>n,  London,  1«)B,  ]>.  ffi 
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IBEJGATION    FN    FKDIA.  t^^ 

A  river  which  ruu8  through  the  soft  soil  of  a  delUi  easily  changes llfj 
course,  and  the  i\^lattve  dinierisloim  of  the  main  rhannel  and  iis  hiim* 
ciitioiiB  or  liraiicheM  aro  8onH*timu8  grc^atly  altered  hy  Roiwlj^*     Aw  ^i[* 
ample  of  the  extent  of  auch  cbaugea  may  b*i  t*tteil  in  the  case  of  Urn 
Hoih1!<  un  the  Mahanadi  Uiver,  whieh  were  rarefiilly  meaaured.    I( 
wa.-^  enh'tihiU-Hl  that  dunug  the  peri  nil  which  elapsed  lietwe^n  tie 
fluo<l5*  of  1855  and  ]87ii  the  eiqiaeity  of  the  Mahanadi  braiicli  Jiid 
duiiiniKhed  to  the  ext^ent  of  ni^arly  SiXCXKl  eubi<'  feet,  or  10  per(TiUof 
Its  ordiimry  volume.     A  eoniniou  feature  of  delUiie  riven?^  i«  ohr*iTVf?^ 
in  the  diminution  of  the  uresis  of  their  cro^s  seetionH  as  they  appM^fj 
the  8ea.     This  is  nhowHi  in  the  di«chart(e  at  the  head  of  any  parlif'ubu' 
reach  of  the  river  bein^  always  greater  than  the  noted  diHchar^^ebal 
tlu^  hoadft  of  the  branehe**  whic*h  take  off  at  the  lower  end  of 
reaeh. 

niere  are  many  advantages  in  irrigating  upon  a  rii^er  delta,  as  tin 
Boil  there  i.s  usually  a  rieh  aniivium  and  the  slope  of  the  country  a  I  will 
uniform  and  gentle.  Motvover,  the  branches  of  the  stream  flowiof' 
through  the  land  are  of  uniform  slope,  and  thus  afford  exeoUetit  drairur 
for  the  jHui^ilus  water.  As  the  river  ehanneli^  flow  in  built-up  ridgul 
somewhat  above  the  level  of  the  surrounding  e^Juntry,  it  is  i>ossil>il 
by  throwing  a  weir  acroHs  the  delta  head  and  running  Uraneli  i^mii 
alonj^  the  margins  of  the  strc*ams  to  easily  t*ommand  the  whele  delti 
ai'ca  for  irrigation.  As  from  the  nature  of  the  conditions  the  wlioiij 
area  under  com  maud  of  the  canals  is  subject  to  inundation^  it  is  tiff 
essary  to  cuufine  the  fh><Ml,s  to  the  river  eluinnels  by  means  of  a  »en^ 
of  marginal  emlmukmenta  or  lovee.^.  As  siieh  rivei'w  have  a  ien<lem'5 
to  change  I  he  amount  of  (lorKi  which  they  pass  through  ditfert^nt 
branches,  it  is  generally  iieecssary  I *>  regulale  the  dtsehai^e  ef  t^^eh 
of  these  l»y  weirs  nerons  IkKIi  the  main  and  bnimdi  eliaii  nels,  Furtto 
more,  because  the  ei'os.s  seelions  of  1li*?  branehes  reduce  as  thej 
approach  Ihu  sea  it  is  essential  in  designing  levees  that  proviskm  lH- 
uiade  to  permit  the  discharge  of  the  full  volume  which  any  hnuidl 
may  luive  to  carry. 

An  ailuural>le  examph*  of  deltaic  canal  i^  funiislied  in  Hgypr  mih 
delta  of  I  ho  Nile,  betwx^cn  Oairo  and  Alexandria.     A  few  ndles  Ijelof 
Mie  fonuer  city,  at  the  head  of  tlie  delta,  is  a  great  mast  jury  weir,  ll 
IJiinnge  du  Nil.     This  eonstsls  lessen tially  of  twu  gievit  open  re;^Tiii 
ing  bridges  phieed  across  thr  iwo  tlcliaie  branches  ol"  the  Nilr, 
Damietta  and   linsetta  branehes.     The  tluors  of  tlu/se  n:\irulatoPS 
at  the  level  of  the  river  be<b  and  the  only  obstruetiou  t^fTei-ed  to  flo 
are  the  piers.     The  opeuLnga  between  the  picrw  aii^  IfJ.t  H^el  in  tin 
clear,  e<ivered  with  arches,  whic^h  eaiTv  the  rt^adway  overhe;L<L    Thei 
are  71  spans  in  the  Daniiettu  bar  rag*-  anti  fU   in  the  Hosetta  barragft^] 
The  entire  length  of  the  foj'mer  is  ^7^!"l  feet  ami  f>f  (he  latter  b53j 
feet,  and  these  afford  an  obstruction  in  ihe  Xilr  amounting  to  abc«i 
uiu*-fourlh  of  the  original  waterway* 
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In  the  presidency  of  Mmlras  the  most  notable  canals  of  this  char- 
acter are  those  at  the  deltas  of  the  Godavari  and  Kistna  rivers.  On 
ihe  Godavari  system  there  were  completed,  at  the  end  of  1890,  5().'5  miles 
)f  main  canals  and  1,005  miles  of  distributaries,  which  commanded 
1,267, 200  acres  and  actually  irrigated  653,4:fK)  acres.  The  total  (»xpendi- 
tare  on  this  work  to  end  of  1800  was  $4,355,000.  Tlie  weir  at  the  head 
»f  this  canal  was  constructed  in  1844.  The  river  drains  an  area  ot 
15,570  square  miles  above  the  weir,  and  the  crest  of  this  bitter  is  38 
set  above  mean  sea  level  and  33  miles  from  the  coast..  The  maximum 
ischarge  of  the  river  at  this  delta  head  was  1,210, 000  second-feet,  with 
depth  of  15^  feet  over  the  weir  crest.  The  liead-works  at  Doulesh- 
arani  consist  of  a  weir  across  the  river  18,000  feet  in  length  and  of 
iree  sets  of  scouring  sluices  and  regulators  from  which  the  three 
ain  canals  irrigating  the  eastern,  central,  and  western  deltaic  regions 
«  supplied.     The  river  is  broken  by  islands  to  a  length  of  4,500  f(»et , 

I  which  earth  embankments  connect  the  various  portions  of  the 
asonry  weir.  There  are  also  flanking  embankments,  making  the 
.rthwork  in  all  7,000  feet  long,  and  there  are  2,500  feet  in  length  of 
in^  walls.  The  total  length  of  the  masonry  weir  is  11,040  feet.  It 
bounded  on  walls  0  feet  in  diamet(?r  sunk  0  feet  in  the  river  Iwd, 
id  is  19  feet  thick,  consisting  of  a  core  of  sandstone  faced  by  a 
irtain  wall  7  feet  high  and  4  feet  thick  at  the  base,  having  a  masonry 

II  28  feet  broad  and  4  feet  thick.  Below  the  weir  is  a  massive  stone 
>ron  80  feet  broad.  On  both  banks  are  masonry  wing  walls  and 
vetments.  The  three  sets  of  regulating  sluices  have  the  following 
mensions:  The  eastern  consists  of  13  gates  6  by  8  feet,  the  central 

15  gates  6  by  8.}  feet,  and  the  western  of  15  gates  7.J  feet  high  and 
trying  from  54  to  0  feet  in  width.  The  mean  sux)x>ly  to  the  eastern 
lt»  during  the  summer  season  is  2,82G  second-feet,  which  is  the 
Trying  capacity  of  that  canal.  The  area  irrigated  is  170,000  acriss. 
lie  maximum  discharge  of  all  the  main  canals  during  1800  was  13,201 
oond-foet.  The  carrying  capacity  of  the  main  central  canal  is  1,745 
©ond-feet,  and  it  irrigates  122,400  acres.  The  su[)ply  of  the  wost(»rn 
mal  is  3,050  second-feet  and  it  covers  31 0,580  acres.  The  canals  vary 
I  bottom  width  from  114  feet  on  the  central  canal  to. 225  feet  on  the 
Betern  canal,  with  varying  depths  of  from  7  feet  on  one  to  10  feet 
I  the  other. 

The  River  Kistna  has  a  course  of  about  Sou  miles  from  its  source  in 
titude  18°  or  and  longitude*  73^  14',  down  to  tlu^  sea,  about  45  miles 
tith  of  Masulipatan  on  the  C'oromandel  coast.  Its  drainage  area 
%y  be  taken  at  07,050  square  mil<»s,  and  its  nuixiiiium  flood  discharge 
82<>,(H)()  feet  per  second  (lig.  (;). 

The  idea  of  damming  this  river  by  an  anient  at  Bezwada,  ^U)  miles 
Dve  its  mouth,  where  the  configuration  of  the  country  lent  itself  in 
exceptional  mainKa-  to  the  const rucf  ion  of  such  a  work,  was  first 
oted  ill  the  year  1702,  but  nothing  was  delinitely  decided  until  1847, 


w!ii*ij  Mhj.  (now  Sir)  Arthur  Ck*ttioa  and  Capl,  {now  Sir)  Atwell  Lak^ 
ifubmitt^l  a  joint  repuK  on  I  ho  propoKoil  an  tout  and  on  th©  scheme  of 
irrii^ntioii  for  the  f»astt>rn  nnd  wesU^rn  *lf  Itjiii.     Aftt*r  oi>!iH[di«rah1iMlm* 
GUi^ion  IheoQUit of  direcrtoi'H js*i.nctiontHl  tlu?  (*on»t nictitin  i>f  the  Hntctit, 
tof*i>th€r  snih  snt^sidfary  works,  on  thoTitli  of  January,  1S.>(I,  fur  ttsum 
of  I513,U(XJ.     The  ]if»iui  sluices  and  U)ck»w(^ru  eonimcnced  in  lS5:^and 
eoiriph^r^d  ill  tlie  following  ypar,     ITiti  anient  ttiself  WHft  c^omtnenrH 
in  Nov(?mljer,  lti5:i,  and  rofiiplut4>d  in  1855,  in  Hpit4^  of  gi*eat  delays  ajidj 
h)S8es  eaiuM?d  by  an  i^xtraoriiinary  flood  and  an  ontbi^ak  of  ulial^nt  j 
Thc^  head-works  cMinflt^t  of  a  weir  3, 198  feet  in  length,  and  the  gnut-  \ 
e^l  flood  rose  1(4  feet  above  It**  m^ent.    Tho  ai^terti  main  c^iiuilb«i«ji 
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iKitttini  width  t)(  L*n(i  ff*et  and  adiipth  r»l'  sj  f^^et.  TXie  western  csin^il 
ItHs  Ji  bottom  width  nT  -^30  feet  and  a  ib^jith  of  s  feet.  The  t<ital  lenk'^^ 
of  niain  ranals  in  istn>  was  37-  niilesand  of  1 1 istri butanes  1,625  mil^'* 
The  tot^l  area  of  irrigation  in  18J>f*  was  .105^087  acres.  The  ereat  of  tin- 
win  r  at  lh<'»  fiead-wnrk>^  is  *i  f<x*t  iti  wirlfh  and  ir>J  feet  alxivo  liie  t^ijM^f 
the  fouwiatinn.  The  total  widtlj  uf  apron  l>eiow  the  crest  is  257  f *^i 
(PL  V,  A.)  The  fount hvtion  eons^iKts  of  a  double  row  uf  wells,  and  at 
eiieh  f*nd  of  ilio  weir  is  a  !^'t  of  s(*oiiriii,iJr  sliiiet^H  of  3t  ^  ^ates,  each  »]  t^ 
wid**.  Tht*  rt'i^idatiniX  ^ateK  an*  of  tliesauu*  dimensions.  The  ew^ 
of  tlio  weir  bein^  too  low  fur  the  required  snpply,  a  t<5mp«)f*irv  <lr5 
i«(oi/e  wall  4  feel  lii^^h  is  annually  built  on  it,  antl  after  tho  8t<ouf  ba» 
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Ji.     HEAD   SLUICLS  OF   EASTERN    CHANNEL   FROM    KANIGIRI    RESERVOIR. 


\  ^ 


1  DELTAIC  CANALS.  85 

washed  off  by  floods  it  is  used  in  the  repair  of  the  apron.     Shut- 
lave  recently  been  substituted  for  this  temporary  device, 
e  Cauvery  deltaic  canals,  from  the  river  of  that  name  in  Madras, 
ited  1)10,540  acres  in  1899.     The  length  of  main  canals  is  844 
i,  of  distributaries  1,250  miles,  their  maximum  discharge  being 

0  second-feet.  So  far  the  cost  of  these  works  has  been  $704,000. 
e  data  upon  which  the  size  of  the  head  sluices  and  main  canals 
calculated  was  2  cubic  yards  of  water  per  hour  per  acre,  or  a 
of  GG  acres  per  cubic  foot  per  second.     This,  it  was  calculated, 

1  bo  maintained  for  the  ultimate  proposed  area  of  irrigation  of 
W  acres  throughout  the  irrigation  season  excef)t  for  about  forty 

in  the  year.  Experience,  however,  has  proved  that,  owing  to 
leavy  clayey  nature  of  the  delta  soil  and  care  taken  in  the  distri- 
m  of  the  water  and  its  utilization  by  tbe  ryots,  that  a  duty  of  IK) 
\  I)er  cubic  foot  per  second  may  be  reckoned  upon,  pointing  to 
itimate  development  of  no  less  than  700,000  acres,  or  50  per  cent 
cess  of  the  originally  calculated  irrigable  area, 
e  East  Tamileru  escape  or  Chattaparru  outU^t  at  40  miles  20 
IS,  EUore  Canal,  eastern  delta,  was  built  in  18!K)-*il  to  i)rovide 
assing  the  flood  water  of  the  east  branch  of  i\w  Tamileru  out  of 
;anal.  The  work  consists  of  four  arches,  20  feet  span  each,  at 
r  end,  and  eleven  small  arches  between  7^  feet  span  each,  the 
p  fitted  with  screw-gearing  shutters.  There  is  a  footbridge  over 
ntire  work. 

I  Sangam  anient  project  was  sanctioned  in  1881  for  the  pnrpose  of  improving 
lending  irrigation  in  the  northern  section  of  the  Penner  River  delta.  Its 
pal  features  were  the  construction  of  a  weir  4,290  feet  long;  a  head  sluice  of 
its,  of  4i  feet  span  each,  to  supply  the  main  canal;  the  excavation  of  a  main 

6  miles  long  and  157  feet  bottom  width,  to  fill  the  Kanigiri  reservoir; 
>vements  to  an  existing  branch  channel,  which  was  to  be  supplied  from  tbe 
canal;  raising  the  banks  of  the  Kanigiri  reservoir,  to  increase  it«  capacity, 
le  excavation  of  distributaries  from  the  Kanigiri  reservoir  and  Duvur  tank, 
inticipated  ultimate  area  of  irrigation  under  the  project  was  94 .000  acres 
cing  a  net  revenue  of  $78,900. 

f  works  have  }>een  carried  out  more  or  less  as  they  wen*  designed.  Tlie  pro- 
ame  into  operation  in  18SG-87,  and  there  has  l>een  a  steady  increase  of  cultiva- 
^xceptin  1891-92,  when  there  was  a  falling  off.  owing  to  the  scarcity  of  water, 
I  amounted  nearly  to  famine  in  the  Nellore  district.  According  to  the 
IS  of  1895-96  the  area  irrigated  was  77, JUT  acres  and  the  net  revenue,  after 
ting  working  expenses,  amounted  to  $44,000. 

gam  anient  is  built  across  the  Penner  River  at  the  ^illage  of  Sangam  and 
its  of  a  solid  wall  of  masonry  with  scouring  and  head  sluices,  all  founded  on 
The  rear  of  the  anient  is  provided  with  a  substantial  sloping  apron  Imilt 
•ge  bowlders  with  the  interstices  filled  in  with  concrete  and  strengthened 
iding  walls. 

)  length  of  the  anient  crest  between  south  wing  and  scouring  sluice  is  4,076 
top  breadth,  4^^  feet.  The  ui)per  course  is  built  to  a  thickness  of  2  feet,  with 
terite  set  on  edge  in  Pori^land  cement.    The  crest  is  7  feet  above  deep  bed  of 

or  10.50  feet  above  M.  S.  L.     The  ani<;ut  has  been  designed  to  discharge 


trkioation  w  nrDfA,  " 

I  507,000  rubic  fee*  per  (tee^md  ttn<l  the  wtn^s  bthI  c>tht*r  tti&u^iirj  workij  &tta('b«l' 
it  hurr  l)rt'tj  hmU  !o  meet  the  cotitiiigericy  of  an  m^c|itifin»]  Ti  f«^t  rb*  uf  iral^ri 
the  T\Yf*t  ilutiiig  f^nnuirtlinitry  firtodfl.    Tb«^  (u'^iuritiif  ^liilee^  wliieli  U  hnBt  in  nW 
tiuuuliiJii  i*r  ih**  luiu'nt,  U  i^om.%T%ivi^\  of  Itrirk  hi  sarki  Ttie»r*.»r*  i*ir*^pt  *^    " 
Hiid  Hprfni»  whit  h  arr  jwivt*il  ^^4tll  rut  ^tontj*  fii^d  tlm  ^il4^«  ami  fac^  of  jn. 

i   with  i*ni  hit4'nto.     Xi  bxir^vidt**!  with  li  vi^nt**.  fl  hy  *l  f«*t*l,  wliSrli  ar>*  i»jrjii4 
eln^-nt  by  jjit«itJH  (if  Bcn?w*gejiriu^  fthiitti>r»i*    Thi*  otidtT  »hiit!r  Ip*  nls^i  int^inM 
pHMA  fhtw  n  thv  ri*iftiliit«'tl  Hhim^  fi»r  tin*  N*^lkirt»»ijient  i^ystem  liwt^r  rhiw»  th»*fi[i«t 
TheHangam  hi -ail  hIiiu^p  ih  hntlt  m  similar  stylt*  lo  that  of  tlit?  efuuTtci^ 

npd  h£u«  'il  ventM*  5  by  <l  U^t,  for  the  nK'iUtion  of  water  iiUu  th* 

pnmlti  imnnl*  whieh  8tii>i*Ut!s  the  Kauiisfiri  rv*M*frvoir,  It  htu»  tieen  dai^gu^  to 
ply  Wiiter  for  the  ifrig»tion  of  04  JKH>  neres*  hy  u  difK'h:ir*j*'  of  4,i^nt  cnbac  fei4 
water  iti  river  h  IbiHh  wiili  anirnt  nt&t.  Tl»e  fl*H>r  lerel  at 
'i^W  If^  S.  L..  or  2  fivi  itixivt*  that  of  the  iiurier  ^luietf. 
RatiiglH  tAiik  heail  slttlce,  soniherft  r^hannpK  i**  iutunilccl  t**  dis*ckarge 
WHt^T  for  the*  irni^sition  of  J7.r>iH>£icrt*it  ufHier  fti*nthem  i^hatinel  ami  10,500 
under  brtti^i^li  *tr  coiitrjil  rluinm*!.  It  i»  built  of  hrirk  In  rmrki  niortflr.  th»^fl*Kf 
II  ml  III  mm  lk*iijg  ^HiVtMl  with  fut  stone.  It  im  iirovidn!  with  \  \eutH.  il  hy  i  ff*i 
luid  wt>rlti  1  witl*  «efvw-;*f<'?ariiiji  »hutti»fH,  Eastern  channel  lu^iMd  sitiir**  is  httiln/ 
brick  in  mortjvr  with  the  nxr^pticin  of  tlir  floor,  which  i»  pw*  ^d  witli  cm  '^rwjt, 
iind  the  iiit^rw  ea^ed  mtli  cut  latt^rite.  fPl,  V,  W,l  It  liiwi  J*}  vetit^i.  B  by  i  frti 
caiwi1>1f^  of  diec*hiirj^ii]g  WMJt  tnilnc  ft^et  i^r  wecoad  when  tBt*  ri^si-rvoir  Tiiiiint»im 
F.  S.  Li.  the  nre»t  ici  \ip  irrigided  Tiiuh^  the  cthftonel  mid  ifcs  brfiu<*lieM  beinK  li,*"* 
»uTi«9*  ThtJ  Hiipply  of  wsitt^r  t4j  the  uhiiunel  ift  regulated  by  Di«'«riH  <*f  srrew  shiitti<o^ 
The  Mil  h-v*d  u7n\ 

Kmiigiri  ma*>tir>'  dain  *>r  flueti  escape*  [PI,  VJ]  is inieTid*?fi  to  im»»  the  snrpltiit <^ 
thp  n«wirvoir  over  nicky  ground,  and  in  hnilt  entirely  with  mblde  in  stirki  mortau*, 
the  crertt  beiti??  phuu'd  tJ  feet  btilow  F.  8.  L.  <04  .05)  of  the  reservoir, or  »2  .55  M*  &.  Lj 
but  in  orilfT  to  luiiiiitiiin  a  full  supply,  groo%*ed  iron  fttauditrd,^  Iiave  Ih^u  hx^l  on 
top.  provided  with  plauks  for  niiwinK  antl  lowerini?  the  waiar  fi«  reiinire^l  The 
li^Ti^^th  iif  till'  ilaia  i^  2W(^  fe<'L  with  a  t*>]>  breadth  of  4i  feet. 

Kaiiiidn  '*h<  ap**  ?*ill  is  plaeed  nii  the  s^iiiii^  level  a&  the  ere*tt  of  the  masonry  diun 
ttud  iwtn  jiiintly  ^\ith  >t.  The  uiasonry  i.s  eompit^iHl  of  brick  in  sxirki  mortar,  resi- 
ing  on  Toct  iVmni^jtlion.  Thp  i-^i^riiiM:'  consist  8  of  'A  I  arehea  of  i*  fe**t  simti  with  a 
roadway  on  top.  atnl  iii  front  Bcrcw-j^eiiriuw  shuttera  have  l>eeo  fixet!  to  h*»l4  tip 
the  wafer  to  F,  H,  L," 

"VUo  \\vUir\\m\  n^mawhu^  *MUuv.  oartftls  in  India  nrv:  tlu*  Mtthi^iiioff' 

Mm  J  Orissn  canals  in  lionirril.  AcrfjrdiiiiJf  to  tli*^  revonno  n-porf  of 
H<mi|;hI  for  t.bi*  yvnv  HH)!,  it  Hppc^ar.s  that  tla*  U>tal  i^Hpilal  uuilji}  t" 
dati*  fin  t  ho  <  h-Lssa  caiial.s,  t*\c»lusi vo  of  inl^^rt^^t  charges,  was  jH  7,4-]*^J''"«^ 

atMl  on  I  ho   Mlihuq^oi a  rials,  sj^rij^ '»;?,( JUfr.      Tln^  Orissa  canals  >^^*n' 

oinj;rinally  const  nn-trd  by  lb*'  Kasi  India  [rri^ati*jn  and  (_Vvnal  tern- 
panyiinci  tlio  s^ourctujf  supply  is  ^lerivi'd  from  three  princiiml  rivers— 
Un^  Mahana<]i,  tf)t<  Hraiiniini,  ami  tbo  Uyinnn,  Tbo  inininnuu  ilis- 
rliari^e  of  hH  ihe?*i*  iiv^ers  dliHa^lho  ri>ld  w(»ntbor  or  auliunn  tTopi* 
0,612  &tH^H lid- fo«%  and  llu*  Taaxiuuun  tliscbar^iM»f  the  fMnal  Ls  *M^^^ 
sC('ornl-fi*i*t.  Tliu  ;xf**ss  area  i'ounjiandod  is  p5t'7,71*i?  acres,  cif  whieli  at 
jnvsent  L*74»b74  are  ini;:atotl.  Tho  works  consist  of  l?!^n  miles  of  n*aiJi 
and  I>ran(*b  eanals  and  1,1  l*U  niUes  of  distrLbuturies.  Tliore  nif^  thref 
distinct  woii*a  at  tlu?  head  of  thlK  canat.     One  at  the  point  where  the 
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er  ])if  urcates  is  3,600  feet  in  length  and  12  feet  above  the  river  bed. 
e  second  weir  is  across  the  Mahanadi  Hiver  itself,  and  is  H  miles 
igand  12  feet  high.  The  third,  across  the  Biropa  River,  is  1,980 
st  in  length  and  9  feet  above  the  river.  The  syst<im  of  canals  is 
pable  of  great  extension. 

The  Midnapore  canal  was  also  constructed  by  the  East  India  Irri- 
tion  Comi)any.  Its  supply  is  derived  from  the  River  Cossye,  the 
tehraent  basin  of  which  is  so  small  that  the  supply  of  water  in  the 
Dal  varies  with  the  rainfall  on  the  district  covered  by  the  canal 
elf.  The  works  were  commenced  by  a  company  in  ignorance  of  the 
al  8upi)ly  available,  and  the  distributaries  have  actually  Ix^en  con- 
ruct^'d  to  command  an  area  of  180,000  acres,  of  which  12r),0<X)  are  at 
eseut  irrigable. 

The  canal  is  divided  into  four  lengths,  the  first  of  which  is  taken  off 
K)ve  the  weir  at  Midnapore.  In  the  twenty-fifth  mile  this  tails  into 
e  river  wlioro  the  second  weir  is  built  across  it.  The  canal  crosses 
e  river  at  this  point  and  the  second  length  is  diverted  on  the  <»ppo- 
tc  bank.  A  large  portion  of  the  remaining  length  of  the  canal  is 
nstructcil  principally  for  navigation.  The  automatic^  sluice  gates 
nstructed  in  the  weir  at  Midnapon*  are  of  peculiar  interest  and  will 
fully  described  in  another  place. 
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«*$«r-      TTif*  ^m&Iler  per- 

&«»liiy  m*v  f-hiefly  f*^l  by 

iAMk2§  iti  ib^  hJIK    Tbe 

f^MTE^  iw^  tkas  4**«**  m^nmd-fet%^  mad  sm^  dyrharvi^  manj  tinnf« 

hhek  m^  1^ •*.«••'  #«w*iW«*?f  m»4  mew. 
Ill  tlk^  mH4  fv^ititt  of  1^  Fnit^  Suae»  do  siieli  $^t  reams  aei  tbe^e 

Hio  Gmndf-.  .>a/'ramenu».  an«3  their  prineij^ial  branches,  earrv  Inrg^ 
vo]iini4^  of  waU-r,  much  of  which  it  is  to  ]ye  hoped  will  at  some  future 
iiiiti'.  \tf'  utilized  for  irrijEration.  Because  of  the  similarity  existing 
\pt'\Mt*itu  tUf^t  and  the  ^j^M  Indian  rivers,  the  country  which  thej 
imvi'rm,  and  iti*  climate  during  the  cultivation  of  the  autumn  emp 
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M.^  use  of  the  waters  of  these  great  Htrcains  will  be  of  immediate 
■L'ftii^Test  to  us  and  may  furnish  useful  lessons  and  examples  when  we 
Lmence  the  construction  of  similar  works.  The  topography  of  tlie 
jab  and  Northwest  Provinces  at  the  foot  of  the  Himalayas  has 
>xi  described  in  detail  in  another  place.  It  is  very  similar  in  many 
ipects  to  that  of  the  great  California  Vallej'  on  the  western  slopes 
^^  "the  Sierras  and  that  of  the  Colonido  and  Wyoming  plains  at  the 
-^:m>I;  of  the  Rockies.  The  rivers  issue  from  the  sub-Himalayas  and 
^^"W aliks  through  foothills  similar  in  appearance  and  with  surface 
^^opes  corresponding  to  those  of  the  Feather,  American,  Stanislaus, 
^*i.cl  other  rivers  flowing  from  the  Sierras  in  California,  or  to  the 
"^^ikansas  and  Platte  rivers  issuing  from  the  Rockies. 

In  designing  these  great  perennial  canals  the  Indian  (*ngiii(»or  first 
^^Mikes  a  careful  topographic  survey  of  the  entire  region  to  he  irri- 
■  %tted,  and  numerous  trial  lines  are  run  before  the  tinal  lo(*at  inn  of  Mu^ 
'^Ulin  and  distributary  canals  is  decidt^l  upon  and  the  position  of  the 
^lead-works  definitely  fixed.     In  the  case  of  the  rivers  having  a  con- 
stant regimen  training  works  are  unnecc^ssary,  as  the  head-works  are 
generally  located  in  narrow  portions  of  the  river  where  the  banks  are 
firm  and  the  channel  stable.     At  the  (entrance  to  some  of  the  larg<^r 
^     canals  heading  in  the  plains,  notably  the  Agra  and  the  Lo\v<*r  (langes, 
expensive  river-regulating  works  are  required  to  control  the  move- 
ments of  the  river  channels. 

The  machinery  of  a  great  canal  consists  usually  of  the  following 
parts:  The  head-works  at  tlie  i)oint  where  the  c^nal  is  diverted  from 
the  river,  the  main  canal,  the  distributaries,  and  the  minoi's.  Each 
of  these  units  of  the  system  has  its  own  set  of  regulating  works  and 
escapes  to  control  the  supply  of  water  in  the  canal,  i^etween  difl'erent 
canals  these  differ  but  slightly,  the  point  of  greatest  difference  usually 
being  at  the  head-works  and  in  the  first  few  miles  of  diversion  line. 
Here  various  devices  have  l)een  resorted  to  for  the  passage  of  hillside 
drainage. 
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It  is  probable  that  the  first.  att<^mpt  to  constrn<».t  a  canal  on  i\w  inter- 
fluve  Ix^tween  the  Ganges  and  Jumna  rivers  occnipiod  by  tin*  i)r(^sent 
line  of  the  Ganges  canal  was  mado  by  Mohammed  AI>oo  Khan  at  some 
time  early. in  the  eighteenth  century.  This  canal  <*onsiste(l  of  a  shal- 
low ditch  12^  miles  long  taken  from  the  west  Kali  Xa<li  and  was  filled 
by  means  of  a  temporary  weir  thrown  across  that  stream.  No  masonry 
works  were  constructed,  and  much  damage  was  done  by  the  flooding 
of  lands  above  the  weir.  The  s(»cond  att4»mpt  hen^  nmde  was  in  1^27, 
when  Captain  Debude  tried  to  restore  the  al)ove  by  i)utting  in  perma- 
nent head-works  across  the  Kali  Nadi.  This  i)hin  cont(Mnplat<Ml  the 
ext-ension  of  the  canal  through  Meerut  to  Aligarh,  and  it  was  also 
intended  that  a  dam  should  be  thrown  across  the  llindun  River  and 
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thp  wiitap  of  botli  fit  roams  utilke«L     This  was  met^ly  nn  iitTvmpifeJp*' 
imjirow  on  old  and  bsul  inf^thods.     The  third  and  pre.s<*nt  |>nijoptm[ 
ptindy  n  Ili^itmh  ono.     !ii  IHM  CoL  Jt^hii  Onlviii,  V.  JJ.,  |m>pti?**<Uft | 
build  a  i*mm\  from  Ihf  (inii^es  River  keaditii^  at  IlHnlwar. 

'IIh*  famiin^  r»f  1h:17  hiuI  lH38caus€id  mi  iiicr»*HtMid  doKin'  fortbec4fr| 
Btruiftion  of  thi?*  cunul,  and   in   lH:5li   l^nl  AiicklaTid,  tht^  (tiivtraRf ' 
{Ten^ral,  »aiictiomMl  the  uurvoys,     lu  1-S40  Sir  P.  T*  CaiitU*} 
flfHt  Hnrvovwnnd  rnporied  on  the  project,  and  from  then  U*  1>^^^ 
|5U,UHr|k>r  annum  wits  exjwjsnded  eldofly  on  surveys-     In  his  nop 
Coh>iiM  t*aurlt*y  said : 

To  deny  thr*  valnf^  of  iniK^tioa  tJi  ai^mcnltnro  in  an  arid  ccnmtiy  i*  Tike-  toM 
injc  tU*s  valtit*  ijf  uiiujtirt*  to  an  Etin)i«*att  fiirtner. 

On  the  Klrength  of  the  repc^rt  made  in  1840  the  l>oiinl  of  dimiml 
deehled  on  the  constnictlon  of  the  ftan||;ei«  cmna!  im;  an  irn^jiiLai| 
workj  til?  canal  an  Kanotioned  beinn  doKiijiii*d  to  f^irn*  <S,75tt  sinvml 
ffw»t,     WheTi  Lohl  Kl^<'ohorouj^h  was  (loveriior-(t<^ni*ral,  l>elwvt'H  W* 
an d  1 8  i o ,  h t «  d ul  vw ry I h i rj i^r  t^i  d i s( m> i i ra^rc  t h e  p ru jecl  a n d  so  im hI IM  \ 
th<^  HaiicMion  that  only  a  small  navigation  c^anal  roiild  Ik>  <"oni:tniti«4 ' 
Dnririjir  t^onl  KMonl trough's  (rovernurHhipto  lK4r  rolotH.d  Canni:y  ii*  ^ 
in   l*^nt(lHnd   ntieniptin^^  to  further  the  proje<^t,  and   Mu*  works  Wi.*i* 
carri  ed  r » n  b  \-  M  a  j « *  r  I  ia  k  e  r .     In  1 8  4  S  Lo  rnl  If  arl  >  i  n  k  *  *  I  mx'J  i  n  i  e  iUn  e  rn  iir- 
(tenf^ml,  and  ^anntioned  the  work  aa  originally  devised,  urj^iii;;  m 
inim<*diate  eormtmetinn,  which  was  at  onc*r*  f>roi?wieut*jd  by  CtiUm^J 
CauLley. 

Tn  1H45  ('(donel  Cant  lev  siibmitt^id  detailed  estimates  for  three  sep^ 
a  rate  jirojt't^ls,  in  rat-h  of  whieh  the  dLsclmrf^e  at  full  supply  was  to 
be  (K7->U  sei*ond'IV»et,  (if  wln<^h  it  was  HSsiinK^rl  iluiT  l,Of)()  :^*cond-fw't 
would  hi'  lost  hy  rvajioratioii,  absorption,  an<l  navifjiitian.  The  l»M 
of  tlh^si*  projects  w;fs  r^stiiuntrd  to  e<jst  aliout  '^t,<'>7<  ►  THk)  aii<l  n^iuler 
irri  livable  an  area  of  1,47(),()0()  acres.  When  in  1847  the  Government 
directed  that  th(»sc  works  should  be  constructed,  among  otlier  instruc- 
tions they  said  that  the  primary  object  of  the  canal  was  to  be  irrii^a- 
tion,  navigation  bcinii:  cai-ricd  only  as  far  as  not  inconsistent  with 
irrigation,  thus  loviM-sinij:  the  instructions  of  Lord  Ellen l>orougirs 
governmcMit. 

Water  was  first  admitted  into  th(^  canal  in  1854  and  irrigation  <*om- 
menced  the  following  year.  During  the  next  fc^w  years  defects  in  tbe 
works  gradually  <'ame  to  light,  and  in  1804  an  investigation  was 
ordered  by  the  government.  At  the  close  of  that  year  detailed  esti- 
mates ^vere  submitted  for  rectifying  the  i)i'incipal  of  these  defects. 
Previous  to  this  Sir  Arthur  (Cotton  reported  on  the  works  considered 
l)y  him  necessary  for  the  improvement  of  the  canal.  In  liis  report,  he 
stated  that  the  head  of  the  canal  was  too  liigh  up  on  the  river;  that 
the  whole  canal  had  been  so  cut  as  to  carry  the  water  below  the  level 
of  the  surface,  entailing  a  vast  unnecessary  excavation ;  that  the  whole 
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feet  in  widtli  separata's  from  the  main  river  ttiid,  hugirin^  the  HurdwHr 
ghore,  rt*jiiiii8  the  stnc^ani  a  half  tiiile  be!ow  Ilardwar.  The  diaebHn.*^* 
iif  thi*  iiiniii  nvi*r  at  thm  poitit  in  tho  ilry  8oasw>n  it*  aboTii  >i,*XsC>»«*^\rtH^ 
f tH5  i ,  t-  h  1^  ^rA  *at  A}  V  pa  rt  <  4  w  h  i  c  ♦  h  i*«  d  i  v  <  *  rt^nl  I  »y  I  n  i  i  t  li  n  t£  W4 1  r  k^  a  ml  I*'  m- 
pt>mrv  bimlfk^r  dntiiw  into  the  Hanhvur  churinf^lt  This  han  bwti 
df»o[j€!iB4i  and  |](iv<*n  n  nniforni  ts\op^^  at  8j  fiH^t  por  mlli^  to  the  caml 
h€>Ed.  At  Myapnr  the  ennal  ih.  taken  from  tbi^  Hard  war  ehonn^L,  ih^ 
wat.er  bein^  div carted  inta  it  by  means  of  a  woir  antl  shiic^B  a^'nii^Htlu' 
eliaime  1  and  a  masonry  rt^gii  lator  at  the  head  of  the  eaual .  To  rhi*  »Litb 
mile  Xlw  canal  crosses  soveral  minor  dminagt^f^  whleh  ar^  admittHlb; 
meiniH  of  little  inlets.  At  the  sixth  rtiilf*  it  is  efiKSi^ed  hy  I  ho  Rani  pur 
Torreiil,  i>iissed  over-  it  hy  nutans  of  ii  ma'<onry  su perpaasiiiit  alK*nt  1S*S 
feet  in  breadth.  In  the  tenth  mile  t-hii  l*uthri  Torrent  haviog  a  oateh* 
ment  basin  of  al)out  80  ^quan*  mile*),  or  twice  that  of  the  lianL]Hin  w 
earried  aenjs.s  the  canal  by  a  simihir  siijierpassage  'IlHj  feet  in  hre^iltk 
The  Hudden  fli^nxl  dis<*h*^n*es  in  theae  torrentii  are  of  ^rreat  viol<^nm 
th(*Piithn  Torrent  dischari^r J  nga>s  mneh  as  15,00(>jioooiid- feet  and  bar- 
iijg  a  voloetty  of  about  i^  Un^i  pt^r  s<>eond. 

In  tiie  thirteenth  mile  the  canal  encounters  the  Rnt?ncRi  Tornmt,  witii 
a  slopt^  of  H  feet  per  mile  and  a  eatchmont  basin  half  hh  lar*?e  apuo 
as  that  of  the  Pnthri.  This  tornj^nt  is  ad  in  it  ted  into  tho  canal  at  il* 
own  leveL  In  the  ^ide  of  t3it>  oanal  opposite  to  the  inlet  is  an  iip**n 
maaoiir>'  outlet  dam  or  set  of  escape  sluioes.  In  the  aitml  Jiiiii  bdov 
this  level  crossing  ib  a  n*gulatin^  bridge  by  which  the  discharge  of 
the  eanal  can  be  readily  controlled.  Thus  in  time  of  flix)d,  by  opeo- 
ing  the  shiiees  in  the  outlet  dam  and  adjusting  those  in  the  regulator 
so  as  tKj  admit  into  the  eanal  the  vol n me  of  watijr  required,  the  re- 
nmiader  is  discharged  through  the  scouring  sluices,  whence  it  con- 
tinues in  i Is  CO \\ r se  d o w n  t h i ^  R i \ t m oo  To rre n t. 

In  the  ninet*:*enth  mile,  Jiear  Roorkee^  the  canal  crosses  the  SohiTii 
River  find  VHlley  on  tin  ennnnous  masonry  aqueduct.  The  Sobwi 
River  in  times  of  highest  flood  has  a  discharge*  of  35,(X)0  second-feet 
and  the  fall  ol  its  bed  is  nboiit  5  feet  i>er  mile.  The  tot^l  lengtli  uf 
th e  aq  u  ed  n  c t  is  1  ^ -  <  ^  f o c t .  The  1  >a ti  k  s  r > f  tl i e  can al  o n  the  n  pst n*am 
side  are  h^ vetted  by  means  of  masonry  steps  for  a  distance  of  In, 71^^ 
feet  and  on  the  dowrrstreaui  side  for  a  distance  of  :2,722  feet.  For  H 
miles  above  tiit*  nquednet  and  for  a  distance  of  half  a  mile  Iselnw  ii 
the  bed  of  tiie  canal  is  raised  on  a  high  ^'inbankment.  llie  greatei^ 
height  of  the  <*anal  l)efl  abov^e  the  country  is  Hi  feet.  The  aquediid 
proi>er  consists  of  fifteen  arches  of  TjU  feet  span  each.  In  a^ldition  lo 
these  great  works  tht^re  are  in  the  first  2iy  miles  of  the  eaoal  five 
masonry  works  for  damming  minor  streams  and  a  number  of  maMinrT 
fails. 

Beyond  Hoorkee  the  main  eanal  follows  the  high  divide  between  the 
(Tangesaiid  the  West  Kali  NaiH,  inul  c*orinut(es  in  general  to  follow  tli*- 
divide  lM*twceii  the  (TMnges  and  ilic  Juuinu  tu  (topalpur,  a  short  ili>' 
tnnvo   bolow  Aligarh,  whevi>  \Ui*    u\a\vv  \"iv\v*\.V  \ufure^ti4>s   (Ph   Vlll 


LM^mM^v.]       LOWER   GANGES    CANAL,   NORTHWEST   PROVINCES.  93 

>aTming  the  C'awiipur  and  Etawah  branches.  The  former  brancrh  tails 
m  trO  the  Ganges  at  Cawnpiir  and  is  170  miles  in  length.  The  Etawah 
K*«%nch  is  also  170  miles  long  and  tails  into  the  River  Jumna  near 
Ci.^TXierpur.  The  Vanupshahr  branch  leaves  the  main  line  at  the 
f"tic*th  mile  and  Hows  past  the  towns  of  Vanupshahr  and  Shalijahan- 
^^  r.  It  formerly  terminated  at  mile  H2.V,  emptying  into  the  Ganges 
^x^ver,  but  it  is  now  continued  to  a  point  near  Kesganj,  where  it  tails 
ci.^x>  the  Lower  Ganges  canal.  The  first  main  distributaries  are  taken 
'T'^^om  lx)th  sides  of  the  canal  a  short  distance  l>elow  li()ork(»e.  Tlie 
i-^^txire  of  the  country  offers  abundant  facilities  for  escap(^s  from  the 
i«i-Tial8.  Five  are  constructed  on  the  main  line,  four  on  tlie  Cawnpur 
>«'ATich,  and  tiiree  on  the  Etawah  branch,  besides  nuuKMous  small 
5**C5apes  to  the  distributaries.  These  escapes  will  be  d(\scril)ed  in 
^xiother  place.  They  are  essential  for  ihe  proper  regulation  of  the 
^i««ial  in  the  discliarge  of  lociil  <lrainage. 

The   maximum  discharges  of  the  canal  is  7,782  st»cond-feet.     Tlie 

^^v-erage  annual  rainfall  over  the  area  irrigated  is  31. J)  inches.     The 

^ritire  area  commanded   is  2,800,000  acres.     The  culturable  ar(»a  is 

^>820,000  acres,  and  the  area  irrigated  is  1, 000,000  acres.     The  nmxi- 

^J^um  area  irrigated  within  any  one  year,  including  both  spring  and 

^xitumn  irrigation,  was  2,800,000  acres  in  1883;  the  total   length  of 

'^f^ain  ciinals  is  419  miles.     There  are   2,552  miles  of  distributaries 

*^iid  851)  miles  of  drainage  cuts  and  escapes,  or  a  total  of  3,830  miles. 

Of  the  total  area  irrigated  in  1803,  90,543  acres,  or  13.4  per  cent  of 

^■he  whole,  were  double  cropped  and  the  duty  performed  by  the  canal 

^Dr  the  autumn  crop  was  135  acres  per  second-foot  on  the  discharge  at 

^lie  head,  or  155  acres  per  second-foot  on  the  discharge  utilized.     The 

^otal  capital  outlay  on  these  works  to  the  end  of  the  year  1893  was 

%10,127,(XM),  and  the  working  expenses  for  that  year  were  S375,00(). 

Jhe  working  expenses  per  second-foot  of  discharge  at  the  head  were 

^103,  or  52  cents  per  acre  irrigated.     The  total  water  rate  derived  was 

^1.30  per  acre  irrigated,  or  $253  per  second-foot  of  discharge  at  t  he  head. 

w\mong  the  principal  crops  culivated  in  18SS  were  100,000  acres  of 

sugarcane,  valued  at  82,332,000;    228,3(K)  acres  of  wheal,  valued  at 

♦3,275,000;  31,400  acres  of  rice;   80,OW  acn^s  of  indigo,  and  a  grand 

total,  including  all  other  crops,  of  ()()J,IK)0  acres,  valued  at  >«7,(iO0,0O0. 

The  net  profits  in  1888  were  5.4  per  cent  on  th(^  capital  invested. 

The  numl)er  of  days  in  the  year  when  water  was  supplied  for  irriga- 
tion and  the  canal  wjis  in  active  operation  was,  in  18SS,  275.  In  this 
year  a  comparatively  small  sui)ply  of  water  was  usc^l,  the  mean  supply 
l>eing  only  2,400  second-feet. 

LOWER  GANGES  CANAL,  NORTHWEST  PROVINCES. 

As  described  in  relating  the  history  of  the  Ganges  canal,  the  l^ower 
Ganges  canal  was  undertaken  at  the  suggestion  of  Sir  Arthur  Cotton, 
in  1868,  after  an  investigation  by  Col.  H.  Strachey  in  1S()5,  as  a  means 
of  relief  or  improvement  of  the  (xanges  canal.     It  irrv^vjitiev*.  ^  ^>mc^q4j^ 


TBKfOATfOK    CV    INDfA. 


mn. 


eoftitiiand^   by  th«i  Gitngi>f!jt  cunal  proper.     The  work  eompriiRKi 
iMiuianry  diversion  weir  at  Xaronif  abant  3  to  ties  below  the  mlmnf 
QTomlnu  at  Hajglmt.    It  relieves  the Oangesi  ranal  of  128  milmoiik 
Cawiipiir  hninch  and  130  miles  of  The  Etawah  branch,  mal  ns  v^rip^ 
naUy  |)roj***^led  wa.%  mt^iideii  to  carry  »j,-5^X1  st*eond-fcet  in  tlK*spr[n| 
niiiii4>n  unit  :{/270  ^MiK^ond-f<^t  in  the  auttimn  senf«OD.    In  1871  iht  Hwb 
w^rv  c<jifiini^nce<l,  but  were  delay e<l  awaitine  a  revised  t**^iifnat4'  ^nf*- 
mitU^d  hi  lH7*i,  wh«?n  tht*  work  wa^*  finally  com  to  enoed.     It  is  duwwb- 
sidi«ri'd  mi  a  work  »4L*pHrati«  from  the  Ganges  eaiiaK 

The  weir  is  a  <inbwtantial  ooe,  reiitiu^  on  masonry  wells,  usualltSP 
feel  deep;  the  front  and  i^ear  curtain  whUh  rest  on  HiaallerwellK    Tbt 
weir  in  3,8IK>  ffM?t  long  and  is  10  by  10  feet  in  crtJ«8  f^^^eiioiif  lianngi 
vertical  overfall  to  a  |wive<i  ftoon     ft  in  ooni^trunTefl  ehr«^i!v   *  ^  ■■'■■y. 
TIioii^  are  42  wei r  acui i viui^  sluices  oppo«<i te  t he  ca fj n \  liea<l ,  * 
wido*    The  regulator  at  the  canal  head  \^  eon.striieted  of  masonry  au<i 
Itaa  3D  openings  each  7  feet  wide*    The  weir  crest  is  7i  feet  above  ih^ 
sill  of  the  eanal  and  this  can  be  mii*ed  to  lu  feet  by  means  of  Klmiten- 
For  tlie  first  20  ndles  of  main  eanal  the  bt*d  xh  -1G  feet  wide;  tho  full 
liupply  depth  is  10  feet  and  the  slope  one- tenth  of  a  foot  in  UinO. 

In  the  first  portion  of  its  line  ihe  canal  is  CNjmpelled  t^i  follow  tin:  bt 
river  bottom  for  some  distance  before  itsgi^ade  enables  it  tosunununt 
the  bankft  and  resieh  the  summit  of  the  interfluve.  In  this  low  reBiih 
the  canal  is  threatened  constantly  bj^  the  encroachments  of  the  rivtr 
and  extensive  river-tiainiTig  works  are  necessary  to  preserve  tin  integ- 
rity. Thesi*  (*xtend  for  n  distaiK^eof  1  miles  above  the  canal  hca^l  aiwl 
15  mllew  bektw,  and  consist  chiefly  of  loTjg  earthen  g^roiiis  or  emlmtik- 

angles  to  its  course  and  pi'otcctcHl  at  tlie  end  by  loose  rock  noses.  The 
p'licral  slope  of  tlie  (4an.ircs  llivcM*  and  of  tlie  country  at  this  point  is 
alM»ut  1 .')  feci  per  mile  and  tln^  i^ieatcst  flood  the  river  has  dischar^ 
is  .*}r)(),()()0  second-feet.  Its  minimum  discharge  has  been  as  low  as  L-<Xi 
second-feet.  The  velocity  in  the  canal  is  very  low,  being  but  -  feet 
per  second,  and  as  a  result  much  silt  is  deposited  and  the  growth  of 
weeds  is  excessive.  The  maximum  discharge  of  the  canal  as  now  con- 
structed is  r),l()()  feel.  The  average  annual  rainfall  on  irrigable  laud 
is  .'54.5  inches;  the  gross  area  commanded  is  4,3S7,-(H)  acr<*s,  and  the 
cultnrable  area  -,4;j.5, too  iicr(\s,  and  1,1S7,.']2()  acres  will  be  irrigated 
when  the  project  is  comi)letcd,  though  at  present  but  8^)3,051  acres  are 
irrigable.  The  total  length  of  the  main  canals  is  557  miles.  There 
are  I3,151i  miles  of  distributaries  and  the  total  length,  including  escapes 
and  drainage  cuts,  amounts  to  3,li*.*]  miles. 

The  capital  outlay  to  the  end  of  1<S1»:{  was  S1l\07:3,()0().  Tiie  total 
receipts  in  that  year  amounted  to  -^114, ()()(),  a  little  less  than  1  per  cent 
n(^t  profit  on  the  capital  invested.  The  area  irrigated  in  ISSS  dnring 
the  autumn  croj)  was  'iL*7,()(K)  acres,  of  which  LS4,U0U  acre^  were  irn- 
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by  wells.     Twenty-lhn^o  per  cent  of  the  wliole  was  double- 
*.K>I)e<l,  and  in  the  autiiTnii  season   1,705  seconil-f(M»t  of  water  were 
^-i:zed,  the  duty  on  which  was  185  aeres  |)er  seeond-foot.     The  cost  of 
tenance  of  the?  distributaries  was  *1.'J  per  mile.     'I'here  were  222 
sirrijjcated  i>er  mile  of  distributaries  at  a  cost,  of  a  little  less  than 
s^    Imndred  acres,  and  the  averaj?e  depth  of  water  used  in  these  wiis 
^<K»t.     The  most  notiible  works  on  this  canal  will  Ix^  described  in 
ix"proi)er  place.     They  are  the  training  works,  the  weir  and  other 
works,  and  the  givat  aqueduct  at  Nadrai,  by  which  the  canal  is 
^■^*^r^ied  over  the  Kali  Nadi  Torrent. 

AGRA  CANAL,  NORTHWEST  PROVINCES. 

T'lie  Agra  was  the  third  of  the  great  perennial  canals  of  the  North- 
^'"^st  Provinces  visited  by  nn^     This  canal  was  cont<Mnplated  when 
*  "^    <iuestion  of  the  remodeling  of  the  (Ganges  canal  was  being  agi- 
■*^^^<l  in  l.S<*>4.     It  was  then  pointe<l  out  that  water  might  be  drawn 
^**Omthe  River.Jumim  l)elow  Delhi  1o  supplement  the  irrigation  of  the 
^^«iTiges-Jumiia  bench  lands.     The  idea  was  further  discusst^l  in  1800. 
"^^  T807  projects  w(j re  submitte<l  and  in  1S08  the  works  were  sanctioned 
^Ov  the  purpose  of  famiiuj  relief.     The  works  as  eventually  sanctione<l 
*^  1872  cor i*espond  closely  to  the  present  completed  Agra  canal  project. 
it.  >^as  formally  opened  in  March,  1874.     In  1875  it  was  found  that  the 
^^igiual  weir  was  insufficient.     The  gi*eat  fl<K)d  of  that  year  had  sori- 
^^sly  injui-ed  the   scouring  sluices  and  the  works  were  then  recon- 
structed.    The  head  works  of  the  canal  are  situated  at  Okhla  <m  the 
*viver  Jumna,  10  miles  below  Delhi,  a?ui  consist  of  a  weir  about  2,57.'J 
f«et  in  length  at  a  point  where  the  river  is  4,4(.K)  feet  wich*.     The  left 
^ing  of  the  weir  rests  on  an  island,  whence  it  is  c(mtinu(Hl  as  an  earth 
Qmlmukment  20  feet  wide  on  top.     This  weir  rests  on  wells  snnk  in 
the  deep  sands  of  the  river  bed.     On  the  upstream  side  it  has  a  sh)pe 
of  about  1  in  4,  the  downstream  slope  InMug  very  long,  as  flat  iKM-haps 
as  1  in  20.     As  originally  constructed  in  1S7(),  this  weir  was  not  more 
than  130  feet  in  width  from  toe  to  heel,  but  after  being  injured  l)y 
successive  floods  it  was  carried  out  and  add(M.l  to  until  its  width  is  now 
over  240  feet.     The  scouring  sluices  are  l.'»!»  U'vl  long  at   the  en<l  of 
the  weir,  and  ai-e  composed  of  1<»  gat«»ways  of  ir,  feet  each.     Th<^  regu- 
lating sluices  consist  of  12  openings,  each  <*»  feet    \vi«lc  and   lo  feet 
high,  to  the  springing  of  the  arches,  and  are  so  local<Ml  as  to  avt>id  the 
deposit  of  silt  at  the  canal  hea<l.     The  watcM*  of  tin*  riv«'r  is  <h'flcet<Ml 
t^)ward  the  right  l)ank  against  the  regulators  by  a  series  of  groynes 
and  river-training  works.     There  are  al)out  8  miles  of  embankment 
along  the  river  margin  to  protcM't  the  low  land  from  inundation  and  to 
l>revent  tin*  flank  wall  of  the  w<Mr  from  being  turne<l. 

From  Okhla  the  canal  follows  the  high  land  between  the  Khari  Narli 
and  the  Jumna,  and  its  <M)urs(»  throughout  is  fairly  ])aralh'l  to  that  of 
the  Jumna,  about  3  to  12  mih»s  from  its  right  bank,     it  linally  tails 
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into  th^  Ootuuji^huii  Hlvi^r  abiiitl  ^0  mtk^s  taUow  Agra,     The'  mail 
brauch€<3>$  ronuot^t  Iho  cniiHl  with  Miiltni  iiti«i  Ajj^ra* 

The  Hourw  of  wupply  \h  from  the  Jiuiiua  Hiver.  The  higiiesl 
rftcorticHl  floml  was  of  lon^  duration  aiul  rose  50  feet  above  low-wat«r 
kivi^l,  tho  voltH'iTy  IhiMi  l)6iii,ijr  I-  ft^et  per  ftecond  and  tbe  di^schiiritt^ 
ttbout  l,;itMi,U(Mi  H«*t'<md-feet.     The  supply  of  the  Jumna  having  IMvn 

I  occiisiurially  IkiIovv  S(Mi  stK'ond-fiiel  it  is  suppleineat«cl  by  a  cut  fmm 
tht^  IlintUni  liivcr,  whieli  dineharge?)  into  the  Jituiiia  just  alio ve  the 
divomoii  weir,  and  in  capalile  of  ^i  apply  in*?  :kit^  additional  seeoud-feet. 
The  ^rade  of  the  eaiial  frt>m  the  head  ti>  the  thirty- second  miIelj!«G 
inehi'8  pn-  nule.     There  is  a  fall -of  5.75  feet,  lieyond  which  thegnnh- 

I    eiit  Im  inen*nwHl  to  1  fo*»t  pt*r  mile  to  the  end*     In  the  first  imrtion  of 

i  the  canal  the  ix^l  width  is  70  feet  per  injle  Hritf  the  flepth  from  6  to  l(> 
fee  t,  wh  lie  1 1 1  e  v  e  1  oe  i  I  y  i  js  f  ro  n  \  2  to  2  i  f  e  e  t  per  sk.^eo  m  I ,  He  I  <:i  w  t  h  e  fl  r^ 
fall  the  bed  widtli  is  tleereastnl  tro  fiO  feet  and  the  maximum  depth  to 
7  feet.  Beyond  the  one-hundredth  nule  the  veloeity  is  f!*oni  H  lo  ^ 
feet  per  HecLiud,  the  lied  width  20  feet,  depth  5  feet,  and  the  disehaq^ 
about  2Ui]  seeond-feet. 

The  Hind II n  etit  U  9  miles  in  leugl-h  and  24  feet  wide  at  the  bottom^ 
with  a  mean  liepth  of  5i  feet.     The  works  of  espeeuil  interest  on  thb 

i  canal  beyond  those  of  the  weir  and  head -works  proper  are  an  inter^V 
ing  suijerpassage  made  of  boiler  iron  sitnated  at  aViout  the  eighth  mile, 

I  and  some  drainage  settUtig  iMsliii:^  uoiistructeil  hh  resaervoirs  for  the 
eolleetiou  and  er»ncent ration  of  numerous  small  draina^  channels 
The  total  leii^^th  of  nmiut^anal  tis  eomplet^d  is  134  miles  and  there  are 
558  miles  ijf  distributaries-  Its  tot^il  maximum  disebar|^e  is  l,o<N) 
second- fee L  The  avernj^e  rainfall  (^n  its  irri^ateii  lands  is  27  inehef*; 
the  iJi^rossanM  <*ommand<'d  7*iSj)nu  aeriAs,  lu-^arlyall  of  which  iseiiltur- 
able,  while  tlu^  area  irripited  is  ll-tnjRKj  jh^ivs*  The  total  eapitiil  otil- 
lay  to  the  eiid  of  1SS8  was  §-1,nln,nun,  aiul  the  net  revenue  varies 
Ijetween  li  and  4}  per  eent  per  annum. 

Of  the  total  area  irrigated  in  1888,  11  por  ci' ill  was  l>y means  of  weils. 
The  water  rate  charged  was  $233  per  second-foot  of  water  utilized,  or 
$1,120  per  niili^  of  canal;  the  cost  of  nuiintenauce  was  !^11.50  per  mile, 
and  74  acres  were  irrigated  per  linear  mile  at  a  cost  of  S?5.15  per  10<) 
acres.  The  average  depth  of  water  used  in  the  autumn  season  was 
1.2  feet.  The  prineijial  crops  cultivated  were  much  tlie  same  as  those 
cited  for  tlu^  Ganges  canal,  the  cultivation  of  indigo  heading  the  list 
with  an  acreage  of  28,500  acres,  (•otton  being  second  with  22,000  acres, 
and  pease  next.  The  area  of  wheat  cultivated  was  14,500  acres,  and 
the  total  value  of  all  crops  ^1,0!)0,000. 

The  canals  of  the  Duns  are  usually  small  and  have  been  constructed 
in  a  mountainous  country  at  a  rate  of  expenditure  that  would  be  con- 
sidered quite  unwarranted  and  prohibitive  in  the  United  States. 
There  are  five  principal  canals  in  the  Duns,  ranging  from  11  to  19  miles 
in  length  an<l  aggregating  G7  miles.     They  have  annually  returned 
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over  6  per  cent  interest.  These  canals  coniniand  »7,(XK)  acres,  iiion*  or 
lefiH.  each.  The  works  are  simple  ia  character,  but  owin^r  to  t  h<'  jrivat 
rainfall  expensive  masonry  aqueducts  crossinj?  hi^h  valleys  iuid  hroa<l 
torrents  are  numerous,  and  in  many  cases  the  canal  channels  an' con- 
structed wholly  of  masonry  for  lonf^  distances.  The  total  maximum 
di8charjj:e  of  these  canals  is  240  secon<l-feet,  and  the  jin^'ipitation  on 
the  irriirated  lands  averages  100  inches.  Th(»y  irrigate  a  gross  ar<»a  of 
^5,000  acres.  The  capital  outlay  on  their  const  ru<'t  ion  was  >?]  ,n70j  K)u, 
Hnd  while  the  average  interest  rc^ceived  is  over  (\\  i)er  (mmH,  on  some  of 
^hem  it  exceeds  12  per  cent.  The  crops  cultivated  are  similar  to  t  hose 
produced  elsewhere  in  the  Northwest  l*rovin(M»s,  hut  wheat  and  riee 
^ar  exceed  in  anumnt  all  other  ei^ops  together.  In  isss  tli^re  w<'n» 
^5,4<H)  acres  of  food  crops  grown,  nearly  four- lift  lis  of  whi(?li  <'onsisted 
^f  wheat  and  rice. 

SIRHIND   CANAL,  PUNJAB. 

Of  the  important  peivnnial  canals  in  the  Punjab,  the  Sirhind  far 
exceeds  all  others  in  matters  of  engineering  inten^st,  as  it  is  the  most 
recent  and  modern  in  construction,  l»esid<»s  being  one  of  the  greatest. 
Of  the  other  important  canals  of  the  Punjab,  the  i)rinei[>al  are  the 
Bari  Doab  and  the  West^M-n  Jumna,  two  of  the  most  prolital>l«'  eanals 
in  northern  India.  The  Sidhnai  canal,  which  has  only  recently  U'cn 
oi)ened,  was,  as  originally  constructed,  an  inun<Iation  canal  and  is  still 
partially  operated  as  such.  Though  I  saw  little  of  the  Sirhind  or 
Sidhnai  canals,  a  brief  description  of  each  will  be  given,  as  they  ivp- 
peseiit  some  of  the  latest  developments  of  irrigation  as  pi-actic<Hl  in 
India. 

In  the  time  of  the  Emperor  Feroze  attempts  were  made  to  utilize  the 
iwaters  of  the  Sutlej  River  for  irrigation.  Th«^se  att(»mpts  were,  how- 
ever, of  little  moment.  Maj.\y.  E.  Baker  Jirstshow(Hlth<»  practicability 
of  a  canal  from  the  Sutlej  to  irrigate  what  was  known  as  the  *'llard 
Desert"  in  the  districts  of  Ilissar  and  Bhut  tiaiia.  The  few  wells  there 
were  sodeej>  that  irrigation  from  them  was  im])ossible,  while  the  water 
was  impure  and  brackish.  The  ])0|)uhition  was  s<*anty  and  lawless, 
their  chief  o<*<'upation  being  cattle  raising.  T\w  quest  ion  was  not  how 
U)  improve  agriculture,  but  how  to  create  it. 

Major  Baker  propositi  heading  the  canal  above  Rupar,  ulili/ing  the, 
line  of  the  old  canal  of  Mohammed  Shah,  but  Col.  Baiid  Smith,  who 
examined  this  project,  reported  that  'Mhe  (»reu])ation  an<l  ro])air  of 
old  canals  was  tin*  most  fruitful  source  of  evil  in  the  existence  of 
canals,''  and  he  suggestcjd  a  new  alignment.'  .Major  Baker's  investi- 
gations were  carried  out  in  1840,  and  the  projiM-t  then  submitted  was 
very  similar  to  that  of  the  now  completed  Sirhind  canal.  In  ISiK),  at 
the  request  of  the  Maharajah  of  I^ittiala,  who  olb-red  to  defray  the 
expenses,  thti  whoh*  <iuestion  was  investigated  by  the  British  olVicers. 


((Smith,  Col.  liiiird,  ll•ri^^ition  in  Italy,  Loudi»u,  18i>li,  vol.  1,  j).  2.'>t\. 
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IKKIGATION    IN   rETDlA. 

Jlrajoel  vvnn  Hiihtiiitt'Od  In  186?,  and  in  1K65  the  British  (^v^rtiment 
!i?ci*icHl  lluitfinyraitiil(HtriMlTuct'ed  hen^slumid  Ix^  devised  irrespectiye 
of  botnidHrk^s  uf  Ih-itAsfi  or  aaiivu  St4iU*s.  In  ISOH  the  projw?t  was 
vignnmsly  p  mhed,  Itu^  size  of  th«  mala  channel  wits  im^reiisiKl,  and 
the  hoail-wfirkrt  wfH*e  mo  veil  15  miles  down  the  river  to  a  fioint  ^1*17 
ueur  ltii|nir,  and  in  iM\)  the  works  wen^  actively  i^ninmeuced. 

Thi.s  projeet  (PL  VII I)  t'omprisies  a  main  etmal  from  thi*  Sutk^jsnp* 
plied  by  a  oiaj^otiry  tU vernion  wier.  The  l*%Tigtli  of  this  rriiuit  chanruyf 
in  4 1  r u  i  le»*  0 1"  1 1  a*  b  r-a 1 1  eh es,  the  ens  ter n  ones  i  r r  i jura  t^.*  n » t  i  vi>  S t-;*  1 " 
landii  and  arc  called  the  FattiaJa  branches;  th^  retuaLuingor  western 
hrauchij's  arc  known  nu  the  British  branches.  The  heavi<*fit  portion 
of  the  work  is  in  the  first  1*>  miles,  where  the  Hue  crosses  many  hill 
torrents  draining  into  the  Sutlej,  The  head-works  are,  like  thoMMif 
the  Gauges  and  Junxna  rivem,  situatiHt  at  the  point  where  the  riv*^T 
©merges  fi-oni  the  hUls  thn>iigh  a  rocky  lx> wider  channel,  and  when^ 
the  g^eneml  fall  of  the  country  i*s  over  8  feet  per  mile.  The  maximum 
depth  of  the  cutting  through  the  ^pur  at  the  he^l  near  the  t^wn  o( 
Rnpar  m  45  feet,  and  the  average  depth  of  cutting  in  the  first  7  milt^ 
is2H  feet.  The  drainage  in  pluccsis  paaned  over  the  eanal  by  oxasonn 
sup(?rpasmiges,  while  one  torrent  is  divert*M!  into  the  river  by  a  cut 
terminaling  above  the  head-works.  At  the  forty- first  mile  the  mim 
canal  ends  and  the  two  branches  diverge.  Three  miles  below  tin* 
bifurcation  the  British  branch  is  again  divided  into  the  Bhatindfi 
branch,  100  miles  long,  and  the  tJbohar  branch,  125  milets  long.  On 
the  Pattiala  side  the  main  feeder  is  divided  itdo  three  sections  by  the 
divei'sion  of  tlie  Kothi,  Gagger,  and  Ghoa  branches,  respectively  !>^*, 
50,  and  25  miles  in  length.  The  end  of  the  feeder  is  the  junotiouof 
the  Choa  and  Pattiala  branches,  the  hitter  being  6  miles  long  and  Wr- 
minating  at  Pattiala. 

The  principal  wx)rks  of  interest  on  the  line  of  the  Sirhind  canal  are 
the  head-works  at  Rui)ar,  the  sui)erpassage  crossing  tlie  Siswan  Tor- 
rent, which  in  time  of  flood  discharges  20,000  second-feet,  and  the 
superpassage  across  tiie  Budki  Torrent,  which  in  time  of  flood  dis- 
charges 30,000  second-feet.  The  siphon  for  a  drainage  crossing  at 
Ilurron  Torrent,  though  small,  is  likewise  deserving  of  particular 
mention  in  its  place. 

The  water  supply  of  the  Sirhind  canal  is  less  than  w^as  anticipated. 
The  least  discharge  of  the  river  ever  recorded  was  2,818  second-feet, 
while  the  average  minimum  discharge  is  5,150  second-feet.  The  max- 
imum discharge  of  the  canal  as  designed  is  7,849  second-feet,  and  the 
maximum  flood  discharge  of  the  river  has  l)eeu  as  great  as  1CH),0<h) 
second-feet.  The  rainfall  over  the  irrigable  area  varies  between  10 
and  35  inches  per  unuum,  and  during  the  autumn  crop  is  from  1  to  0 
inches.  The  gross  area  commanded  by  the  canal  is  4:,558,(J02  acres,  of 
which  1,170,000  acres  are  irrigable.  During  tlH>  autumn  crop  of  lOi'l 
only  400,805  acres  were  irrigated,  of  which  101,907  acres  were  double 
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The  total  length  of  main  canals  is  41  miles  and  the  total  length  of 
cciiiin  branches  538  miles,  while  there  are  4,G3fi  miles  of  principal  dis- 
tx-ibutaries.  The  total  outlay  on  this  canal  to  the  end  of  1001  wiis 
^X  S,0r)3,(K)O,  anrl  since  the  canals  wore  opened  the  net  annual  revenue 
Iii.«fc.s  constantly  increased,  until  in  1001  it  amounted  to  4.7  percent. 
I  »i  the  year  under  consideration  the  duty  per  second-foot  in  the  autumn 
ea^^on  on  the  supply  entering  the  canal  head  was  108  acres,  or  $113, 
^xxd  on  the  supply  utilized  it  was  110  acres,  or  $121.  The  average 
"^Wii-tcr  rate  per  acre  irrigated  was  95  cents,  the  working  expenses  being 
■^O  cents  i>er  acre,  an3  the  cost  of  establishment  was  15  cents. 

C2HENAB,  BARI  DOAB,  AND  WESTERN  JUMNA  CANALS,  PUNJAB. 

-iVs  ])efore  stated,  these  three  canals  are  among  tlie  oldest  and  best 
X>3^^ying  of  their  kind  in  India.     In  1351  Feroze  Sliah  const  i-ucited  the 
ftx*st  channel  where  the  Western  Jumna  canal   now  exists,  and  at 
^  i:fferent  periods  up  to  1817  the  works  were  reconstructed  and  utilized. 
-^^x  1817  Captain  IMaine  prepared  to  restore  them.     The  supply  of  the 
^^^estern  Jumna  is  derived  from  the  Jumna  River  at  a  point  wliere  it 
^^5ives  the  Sewalik  Hills,  where  the  fall  is  great  and  the  bed  (»om- 
l^^:>sed  of  shingle  and  bowlders.     On  the  oi)posite  bank  tlie  Eastern 
^^nmna  heads  at  nearly  the  same  place.     In  1870  permanent  head- 
"^^orks,  distributive  and  drainage  works,  were  constructed  to  replace 
^lie  old  ones,  and  a  little  later  the  main  canal  was  almost  entirely 
^^aligned.     At  the  end  of  1878  the  total  receipts  since  the  works  were 
taken  in  hand  by  the  government  had  exceeded  the  working  expenses 
and  interest  on  the  capital  by  $12,500,000,  or  about  four  times  the 
first  cost  of  the  work.     The  total   length   of  the   main   canal  and 
branches  in  1901  is  391  miles,  and  there  are  2,210  miles  of  distributa- 
ries.    The  area  irrigated  is  870,500  acres  and  the  maximum  discharge 
of  the  canal  is  6,350  second-feet.     The  total  expenditure  on  this  work 
to  the  end  of  1901  wa*i  810,730,000,  and  this  earned  revenue  of  9.1  per 
cent.     The  gross  receipts  in  that  year  were  $835,0()0,  and  the  gross 
outlay  $325,000,  the  net  revenue  being  8510,000. 

The  Bari  Doab  canal  derives  its  source  of  supi)ly  from  the  Ravi 
River,  and  commands  1,G41,G0()  acres  of  land  between  the  Ravi  and 
Bias  rivers.  In  1G33  the  Shah  Jehan  <*onstruct  d  the  first  canal  in  this 
neighborhood.  The  project  for  the  new  canal  under  British  rule  was 
first  rei)orted  on  in  1850,  when  the  works  were  coiiniK^ncod.  In  185G 
they  wei'e  revised,  and  water  was  admitted  to  some  poitions  of  the 
canals  in  1859.  In  1874  the  works  were  decided  upon  as  now  con- 
structed, and  were  estimated  to  produ(fe  a  profit  of  8.8  per  cent. 
Recently  a  considerable  amount  has  l)een  expendcMl  in  the  construc- 
tion and  improvement  of  falls  and  rapids.  The  total  outlay  to  the 
end  of  19.01  was  814,115,000  and  the  interest  in  that  year  was  12.9  per 
cent  on  the  capital  outlay.  The  maximum  discharge  of  the  canal  is 
6,500  second-feet,  and  the  area  irrigated  849,074  acres.  There  are  3G9 
miles  of  main  canalB  and  branches  and  2,725  m\\e>^  ol  <\\^sVcCa\>X«  "^ '  ■■ 


^^^  IIIRIGATIUN    IN    INDIA. 

^piie  (Jheiiab  C'annl  ib  divei*t©d  frura  the  river  of  that  name,  ami  mm- 
manda  3j*HU,470  acreR  It  consmt**  of  430  miles  of  mahj  hi  id  luam^b 
CAnali^  Hud  l*,059  mi  lea  uf  dia  tributaries.  To  tht*  end  of  IStUl  its  tml 
Wft8  Sllyin,l»Ot*,  when  it  tuirned  14  jK*r  eent  interest  on  that  outlnjr. 
In  the  same  year  it  irrigat-ed  lj;i84,044>  acrt^s  on  a  maiiclmum  discharge 
;  10,474  seeood-feet* 


I] 


SIDHNAl  CANAL,  PUNJAB. 


'teti mates  fur  a  i)erniaiient  inundation  canal  from  the  i-each  of  the 
Ravi  River  weiv  sinbinitted  in  1875  by  Mr,  K  C.  Palmer.  In  thie 
project  the  Iiea^l  of  tht*  eanal  was  located  at  the  top  of  the  straight 
reach  called  the  Sidhiiai.  Owing  to  bad  alignment  (im  Mr.  Palmt*r'ft 
project  followed  a  low  depression  for  many  miles),  the  posit i<in  of  thv 
head -works  was  abandoned  ^  and  a  new  site  selected  at  Tatyraj,  when* 
the  section  of  the  river  is  770  feet  aeross  and  the  ban  it  j^  consist  of  stiff 
brown  clay. 

The  maximum  fliscliarge  of  the  river  is  18^1XK>  second- feet,  and  is  not 
lilcely  to  be  exceeded.  Oa^e  records  *how  that  all  Idea  of  the  coii< 
struetion  of  a  pei*ennial  canal  fiHjm  this  part  of  the  river  must  be  abau- 
doneil,  as  twiei*  since  1875  the  Ravi  has  been  almolutely  without  flow 
during  the  cold  season.  As  constrncteii,  the  only  masonry  works  on 
the  canal  l>esides  the  he^d -works  are  the  bridges  and  the  heads  of  dis- 
tr i  bu  tary  ch  an  nels .  The  area  f*om  i n  a  n  d  r h1  [s  al>ou  t  3  >*  1 ,  000  acres.  Of 
this  the  present  w(»rks  provide  f<vr  Hk^  irrigatitm  of  im,f»(Xi  acres. 
The  duty  was  assumed  to  be  60  acres  per  second-foot,  and  the  dis- 
charge of  the  canal  was  placed  at  800  second -feet.  The  rainfall  on 
the  irrigated  area  has  averaged  o.D  inches  per  annum.  When  the 
canal  project  was  rex)ortcd  on  in  1883  most  of  the  country  was  covered 
with  jungle  to  within  about  3  miles  of  the  river.  This  jungle  con- 
sisted of  coarse  grass,  brush,  and  tamarisk.  The  crops  now  grown 
on  this  land  during  the  summer  season  are  sugar  cane,  indigo,  rice, 
cotton,  and  millet,  and  during  the  autumn  season  wheat,  barley, 
turnips,  and  lentils. 

On  the  line  of  the  canal  no  draiiuige oi-  protective  works  are  locjuired 
except  one  or  two  very  insignificant  ones.  At  first  the  canal  was  only 
excavated  to  half  widtli,  l)ut  all  the  masonry  works  were  constructed 
of  full  width.  As  iinally  aligned  the  <*anal  leaves  the  Ravi  River  at 
right  angles  and  runs  straight  for  i\O0()  foet,  where  a  long  curve  com- 
mences, ending  at  3.V  miles.  It  tluMi  keeps  along  the  divide  to  Chau- 
I)arala,  wlience  it  runs  mainly  in  the  bed  of  the  old  river  Ravi.  There 
are  four  nuiin  distril)utaries  and  six  minor  ones. 

The  head-works  consist  of  a  regulator  with  S  sluice  openings  of  1<> 

feet  each.     The  curtain  walls  of  tlu^  regulator  and  river  banks  are 

founded  on   wells  10  feet  below  the  present    !iv<M'  l)ed.      Wells  wen^ 

PH|H^d  in  pi'eferenc(Mo  concrete^,  though  they  are  more  expensive, 

^^t^as  not  certain  that  the  latter  could  be  put  in  10  feet  below  the 
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bed.  The  weir  consists  of  a  wall  750  feet  long,  founded  on  concrete 
in  the  center  and  on  wells  for  20  feet  from  eacli  bank. 

The  maximum  discharge  from  tlie  canal  is  2,452  secon<l-feet,  the 
bed  width  of  the  main  c^nal  is  80  feet,  the  depth  of  water  5  feet,  and 
the  veh>city  of  flow  1 .85  second-feet.  The  discharge  of  the  river  varies 
between  nothing  at  extreme  low  water  and  18,(XK)  second-feet  at  maxi- 
mum flood. 

The  total  cost  of  this  work  to  the  end  of  11H)1  was  t502(),0()<).  I^he 
net  receipts  for  the  same  year  amounted  to  $34,5CM),  or  5.S  per  cent 
on  the  capital  invested.  The  water  rate  charged  i)cr  acie  irrigated 
during  the  autumn  crop  was  62  cents  and  the  duty  during  the  same 
season  was  85  acres  or  857. 

THE  SOANE  CANALS. 

Like  the  Sirhind  canal  in  the  Punjab,  the  Soane  system  in  Bengal 
may  ])e  taken  as  an  example  of  the  most  recent  practice  in  the  con- 
struction of  a  perennial  canal  system.  The  Soane  canals  are  included 
in  one  system  heading  at  a  common  point  and  having  a  common 
diversion  weir.  They  consist  of  two  main  lin(»s,  one  flowing  from 
each  bank  of  the  Soane  River.  The  Soane  Kiv(»r  is  a  tributary  of  the 
Ganges,  rising  in  the  central  i)lateau  of  India  and  having  a  course  of 
about  350  miles  through  the  high  country.  Near  Rhota  it  breaks 
through  the  hills,  which  at  this  point  are  2,100  feet  above  the  sea, 
whence  it  flows  northeasterly  for  75  miles  through  the  Gangetan  Plain 
to  its  junction  with  the  Ganges  near  Arrah.  In  the  plain  it  flows 
through  the  districts  of  Shahabad  on  the  left  or  west  bank  and  I^atna 
and  Gaya  on  the  east  bank.  These  are  among  the  most  fertile  and 
highly  cultivated  distric^ts  in  Bengal,  densely  populated  and  studded 
with  ancient  cities.  The  successful  operation  of  the  Soane  canals  is 
largely  due  to  the  acreage  which  is  cultivated  during  the  autumn 
season. 

The  works  of  the  Soane  <»anal  were  first  undertaken  by  the  East  India 
Irrigation  Company,  but  given  over  to  the  (Tovernment  when  scarcely 
any  work  had  l>een  done.  The  scheme  was  originally  proposed  in  1853 
by  Lieut.  C.  II.  Dickens.  A  plan  to  utilize  the  larger  portion  of  the 
volume  of  the  Soane  was,  however,  aini)lified  by  the  sann^  otlieer  in 
18(31.  In  1802  the  secretary  of  state  appi-oved  of  IIk'  proj<Hrt,  and  after 
discussion  by  Sir  A.  Cotton  and  Colonel  Ruiidall  it  was  forwarded  for 
tlie  approval  of  the  Government  in  ISfU.  In  addition  to  the  features 
now  existing  it  was  proposed  in  th(»  original  pi-ojeet  to  construct  res- 
ervoirs in  the  hills  south  of  Rajinahal  to  suppliMuent  the  available 
discharge  of  the  river.  This  part  of  the  scheme  was  considered  too 
expensive,  however,  and  the  plans  \v(mh»  changcMl.  In  18()!>  the  work 
was  undertaken  by  the  (Government.  It  was  estimated  to  give  a  net 
profit  of  12^  per  cent  on  the  outlay.  In  1871  it  was  decided  to  recon- 
struct the  slope  of  the  canal,  as  the  supply  of  water  was  not  as  great 
H8  had  been  anticipated.  -^^^ 


THRToATiDir  iiT  mmA. 


Ph^  t*at**hmim!  Imnin  iif  the  Scmut^  alxivi*  D<*hrf*i3,  where  tht^  hiMid 
Trorkw  arn  i!ihimt4Ml|  Is  nlmutr  22,000  »i|imn>  mil**?^  In  nrtyn,  mid  in  flocifl 
the  rivt^r ditichai'gi^t*  760,(NX)  second- fet.it,  though  the  nwixinmm  Htwd 
I>rovid*>d  for  is  lj^5U,000.  For  about  40  miles  below  the  di%*iemoD 
Wi^f r  tho  ftoods  «pldom  ov*^rtop  tho  river  hanks,  but  billow  that  jH>tnt  to 
its  juiK'tion  %rith  Mi*^  (iniigoj^  fl  is  ulim>>*l  drltait:  in  chfinM^-er,  ei>ii&i(l> 
erahk*  ov^ertluw  tak  ing  plact^  To  about  this  imjnt  the  eanal  followj^  ihe 
hank  of  the  river  rather  closely,  afti^r  which  it  iliverixeH  and  followg 
tht?  hi^h  ridge  l>etween  the  Soaa©  and  Ganges, 

Thediveraion  wt*ir  acroas  the  Soane  is  at  Ik*hret>^  a  point  2i^  mil^ 
beh>w  where  the  river  leaves  the  Kymore  Jiillsj  and  is  the  hjiigej*»t  weir 
in  one  unhn>ken  length  of  mas^mr^^"  that  hiis  ever  been  constructed, 
being  2^  uidey  long  and  is  feet  high.  In  high  flood  thf^  river  risi's  ^i 
feet  alk>ve   the  ereist  of  the  weir.     The   main  westt^rn   cjiual  (PI  1^) 


Fig.  8.— Thorn  Nulla  aqueduct,  Soane  canal. 

takes  off  from  the  weir  on  t he  west  bank  wiiere  it  eneountei's  a  rather 
deep  cut.  It  crosses  the  Kao  Torrent  by  a  large  siphon  aqueduct  in 
tlie  ninth  mile  and  similar  drainage  channels  in  the  seventeenth  and 
twenty-first  miles.  Tlie  Arrah  canal  leaves  the  main  western  at  the 
fifth  mile  and  follows  the  bank  of  the  Soane  to  the  thirty-thinl  mile. 
where  it  leaves  it  and  passes  close  to  the  town  from  which  it  takes  its 
name,  tailing  into  the  Ganges.  On  this  line  are  13  locks  with  an 
aggregate  fall  of  101  feet.  The  lUixar  canal  leaves  the  main  western 
at  the  twelfth  mile  and  is  almost  straight  from  that  point  to  the  Gan- 
ges at  Buxar.  The  total  fall  in  this  line  is  153.75  feet,  and  in  the 
twenty-ninth  mile  the  canal  crosses  the  Thora  Torrent  {fig.  8)  on  an 
aqueduct  with  4  arches,  each  of  30-foot  span.  The  other  main  canal 
of  this  S3^stem,  the  main  eastern,  takes  off  from  the  Soane  weir  on  the 
eastern  bank  opposite  to  Dehree  and  is  7  miles  long,  its  termination 
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T)eing  at  Poon  Poon  Torrent.  The  Patna  canal  leaves  the  main  east- 
ern at  the  fourth  mile,  and,  after  following  the  nver  bank  for  60  miles, 
is  diverted  to  the  ridge  and  tails  into  the  Ganges  near  Patna.  It  was 
estimat'ed  by  F.  T.  Haig,  R.  E.,  when  chief  engineer,  that  these  canals 
"would  pay  both  interest  and  working  expenses  on  the  outlay  until 
18>^7,  when  it  was  expect^^d  that  they  would  return  a  net  profit  of  44 
per  cent. 

The  important  feature  of  the  head-works  is  the  mode  of  construction 
of  the  weir,  the  automatic  action  of  the  scouring  sluices,  and  the 
arrangement  of  regulating  gates.  These  are  elsewhere  (lescril>ed  in 
detail  in  connection  with  the  subject  of  automatic  scouring  sluices, 
on  pages  121-122,  127-128.  The  weir  and  principal  works  were 
designed  by  H.  C.  Levinge,  chief  engineer  of  the  East  India  Irriga- 
tion Company. 

The  minimum  discharge  of  the  Soane  River  at  Dehrce  is  5,2f>()  sec- 
ond-feet in  summer  and  1,870  second-feet  in  autumn.  The  maximum 
discharge  of  the  canals  is  6,350  second-feet,  of  which  the  main  eastern 
canals  discharge  1,850  and  the  main  western  series  4,5()n  s(»cond-feet. 
The  average  rainfall  upon  the  area  irrigated  is  41  inches.  Th(>  gross 
area  commanded  by  the  entire  system  is  1,7.'5^5, ')<)!>  acres,  of  which 
1,016,400  acres  are  irrigated.  There  are  367  miles  of  main  canals  and 
1,217  miles  of  distributaries.  The  averag<^  discharge  utilized  in  the 
autumn  of  1901  was  3,300  second-feet,  and  the  duty  performed  during 
the  autumn  was  110  acres  per  second-foot  of  the  supply  utilized. 
The  water  rate  per  acre  was  85  cents.  The  total  length  of  village 
channels  or  minor  canals  is  1,525  miles;  the  total  numl>er  of  outlets 
for  distribution  of  water  is  6,000,  the  area  irrigated  p<»r  outlet  l)eing 
93  acres. 

In  the  Arrah  division,  Mr.  W.  A.  Inglis,  the  executive*  engineer, 
calculated  the  supply  of  water  spread  over  the  country  was  e([ual  to 
an  effective  rainfall  of  5.7  inches.  On  the  assumption  that  one  water- 
ing of  6  inches  in  depth  is  given  every  fifteen  days,  1  se(*ond-foot  of 
discharge  should  irrigate  60  acres  if  the  outlet  were  constantly  open, 
or  40  acres  if  the  discharge  outlet  were  open  for  only  ion  out  of  fifteen 
days.  The  cost  of  repairs  to  the  head-works  in  IHOO  was  about  $16,000 
per  annum  and  the  cost  of  maintenance  (vxclusivo  of  h<'ad-works 
al>out  $81,000.  The  charges  for  silt  clearanccvs  amount  to  'S30,000  per 
annum,  the  total  amount  of  clearances  b(4n;r  H),So(),()()()  cubic  feet 
and  the  rate  about  $3  per  1,000  cubic  f(*et.  The  silt  clearances  were 
made  by  means  of  lai'ge  steam  di*edges.  The  total  cost  for  weed 
clearance  was  $1,600  in  1888,  and  the  niileag<»  rate  or  cost  of  repairs 
varied  from  $30  per  mile  on  distributaries  to  $65  per  mile  on  smaller 
branches,  $211  on  larger  branches,  and  >?2,S()n  on  the  main  western 
canal. 

The  following  is  a  statement  of  traffic  on  these  canals  for  the  year 
1888.     There  were  218  miles  of  canal  open  for  uavv^«k,\,\vi\\.    '\^VsfcV^- 
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«g^  receipts  fmm  prh'at**  boats  iimoucited  to  ilSjOOO;  og  goveiAi 
tKiat^  #l,iiX)j  fttid  on  rafts  ^J,*!MX>.  These  ii*itli  jninor  tteoiii  i 
thir  UiUil  n*<H*ipt8  from  tollage  $18,*j(XX  Tlie  ituiiriii''tiAn<i'  ob;^r 
inehiilirig  niivlgtilioti  Oiiliibli.Hluiioiit,  wfsrfi  ill,H4)t*  and  the  mJ 
nu**  from  nnvi^ation  w««  s&ti,H(M},  Tln^  total  rnimlRT  <>r  > 
was  4,547;  of  pa^s^tmi^or  InmUi  *>tllK  Tlit^  total  tuuDage  ol 
for  cargo  traflic  wns  71,S^4iJ  Umg^  taiin  aiicl  for  paasenger  tnilli 
long  touH,  and  tht*  tiital  ton-mileaife  was  4j>35,rnX)  niUea.  Tbt 
Hiatal  valm*  of  tha  c*argoi3$  was  |1,7H5,(XK>  and  the  p4is^iigei9 
riml  iitimbt^rfHl  4Cjl7D.  There  w©r<>  estinuil©*!  to  be  »,08sy)«)0  rahfe 
ft^!^t  of  mftii,  valuotl  nt  $107,(MHX  T)n*  tolhmrt*  n*c4?iiit«  pwr  Tm-ntti 
on  boata  wuh  ;t  milbs,  nut  I  toUage  on  rnft**  |Rir  hutidmd  eubic  tv^\  w» 
11  cents. 

The  total  outlay  ou  tho  Soane  aystem  to  the  end  of  1901  ^» 
tl7,568,iX>0  and  the  revenue  iti  Hnil  waa  tl75,(XKX  The  gross  receipfe 
wero  ^:S7i»jKML  Thrtre  ^tm  a  not  revenue,  after  dedtit'ting  all  workini 
expenSi'H^  of  ?llUs?^i.KKi,  or  L8  per  cent,  on  the  capital  oatlay. 


CROSS  section;  slope,  and  alignment. 


Ill  dasigiung  a  (uinal  e^yj^toui  Iht^  Iinlian  engineer,  having  deeidtMi  on  ^ 
the  lo<»nlion  of  tlie  hca*l'%vorksi  and  ascertitined  the  f^^ouroe  of  siipph  anA  ' 
th*^  art^a  a  nil  ha^tion  of  irri^^able  hiut)^  lo  be  i5*.^rved,  next  eonsulm 
the  proporliou  of  width  to  depth  of  hisehaniiel,  the  eross-seotbnil  ^ 
area  being  fixed  by  the  supply  of  water  to  lie  dit^eharge*!  at  any  poitit. 
On  flu*  Wi*stiM'n  Jmnna  canal  tlie  pro^H^rtioii  of  depth  to  width  istbsrt 
whiL*}i  tlie  Jujini^i   Ri\'(^r  tias  in  the  eoumi^  of  yeari^  foruHMt  for  \\^\t 
found  by  I  rial  to  be  abouii  I  ttn  13.     On  the  Hari  Doah  the  i)njf»ortioa 
fixed  in  f^oustrui'tiou  was  1  on  15,  and  on  the  Sirhind  1  on  14.     In  the 
(!asc^  <jf  till'  Nira  e;inaK  wliirth  Is  uoniiavipiblrMiiid  of  a  smaller  cajiiao- 
ity  tliari  tlioso  just  drsrribedv  th(^  proportioti  Is  much  less,  the  deptli 
bi*ing  7i  feet  ami  thi^  Ix^ttoni  width  33  feet..     On  the  Soane  the  main 
WOBtern  lim^  has  a  drpth  of  1<)  fi.>«>t  ;iud  a  bottom  widtli  of  lU)  feel,  or 
a  proportion  of  1  im  1 1.     TlieH^^twa,  wliirh,  like  the  Nira^  it*  nfmnan^ 
gable,  is  relatively  diH4>er  lliaii  the  larger  canals,  lK?ing  5  feet  deep  to 
a  l-'i^foot  bi^d  widlli  rni  somn  bi'arichrs,  and  on  others  H  feet  deep  to  a 
:^0-foo(.  b<.*d  width .     Tln^   iinj|jor1  jtin  tirst  iriven   is  s^iuch   as  will  apply 
only  to  canals  so  great  as  to  eoi-i-espond  in  their  general  eharaeteris- 
ties  to  large  riv<M*s. 

Tlie  side  slopes  of  the  eaiial  (fig.  '.>)  are  gc^nerally  arranged  aeeord- 
iiig  to  tlie  faciliti<'s  for  exeavatioii,  and  are  sueh  that  the  ground  will 
stand  at  a  natural  angle.  In  the  soils  in  whieh  the  canals  are  generally 
excavated  in  15onil)aythe  side  slopes  are  usually  1  on  l.V  on  the  inside 
and  1  on  2  ou  the  outside.  The  matter  of  fixing  the  cross  section  has 
been  a  dilUcult  one  to  solve  on  account  of  the  conflicting  conditions  of 
the  supply  of  water  required  and  velocity  permissible.     Tills  is  fixed 
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ihe  liability  to  growth  of  weeds,  the  deposit  of  silt,  or  the  deHtrue- 

L  of  the  banks  by  erosion. 

laving  det.ermin<»d  the  quantity  of  WHt<'r,  fixed  the  i)roiM)rti()n  of 
."th  to  depth,  and  iiseertained  a  niaximuni  for  both,  the  sl()])e  of  the 
l)ecomes  one  of  the  most  important  n^maiuing  i)rol)l(»ms  in  the 
^^arSgn  of  the  canal.  If  the  slope  be  too  great,  th<?>  lx»d  of  the  canal 
t^^fJ-  itfi  sides  will  be  ennletl  and  the  integrity  of  the  masonry  and  other 
***"Uctures  endangered.  If  it  1m?  too  small,  a  larger  section  of  <'hannel 
"^XXbe  reqiiinMl  to  discharge  a  given  qimntity  of  water,  and  adilitional 
'"^^'X*ks,  as  falls,  may  be  necessary"  to  overcome  tlu^  excess  of  surface 
^^^X^  "^  the  country.  The  growth  of  weeds  and  aquatic*  i)lants  and 
*^^  deposit  of  silt  will  become  a  troul)lesom(^  evil.  As  it  is  dilhcult  to 
•"^^<->id  both  extremes,  a  (*ompromise  has  g<»nerally  to  b(^  made.  It  is, 
^^^**haps,  well  to  err  on  the  safe  side  and  give  to  the  bed  the*  gn^atest 
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Fig.  fl.— Canal  cross  WM'tioiw. 


slope  apparently  desirable.  If  this  slope  should  i)rov(»  to  ])e  too  great 
or  the  fall  of  the  country  too  rapid,  the  difliculty  may  be  reme<iied  by 
introducing  falls  and  rajiids  in  the  chann(4  to  diminish  its  general 
slope  and  concentrate  the  loss  of  grade  in  a  few  places.  In  dilTenuit 
soils  and  in  diflFerent  canals  the  velocity  given  for  the  prevention  of 
the  growth  of  w<^eds  and  the  deposit  of  silt  differs  largely,  but  it  has 
l>een  found  generally  that  the  minimum  v(»locity  is  about  1.^  feet  per 
second.  According  to  American  exp(*rience  this  is  too  low,  as  w(» 
usually  consider  that  '1\  <>»*  '^J  f^^-t  per  second  is  the*  minimum.  In 
India  the  maximum  for  ordinary  soils  rarely  ex(*e(uls  I  feet  per  second. 
In  America  it  is  often  much  higher. 

One  of  the  greatest  dini(»ulties  encountered  in  India  in  determining 
the  velocity,  slope,  and  cross  section  to  b<»  given  to  a  canal  has  been 
the  introduction  of  navigative  works.     These  ar«»  generally  antago- 
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mnUe  t4j  the  rtHiuirf*meijt8  for  Irrigation  purfto»os^  mily.  The  velodtj 
of  tlie  tiurr*j»nt  in  imvi^ble  caaals  mnnt  lie  low  in  order  to  permit 
traflio  in  )m{h  dirt5<*f  kni**^.  In  tho  (laDgeH  caiia!,  witli  a  Imttoni  width 
of  170  feet  and  a  T-fuol  jiuppl}*,  a  *il(j|tf+  of  14  m«h<*f*  per  milt^  has  bwn 
given  ill  the  naudy  soil  of  tho  upper  reach^^,  and  tht*  rfH^nltanl  Telo^ 
ity  1(4  gnith  til  at  tht»  eurreni  iiai^  jn«t  tH'iu^ed  f^*  i*iit  the  Imnkn  iwid  W 
depoeiitHllL  III  the  lir^t  portion  of  the  t^atial  wlii-i^.*  Ihv  lM*d  \$  m 
grravel  and  iKTwldern  the  fall  is  24  inehes  per  mile.  Frr^m  then  in  M 
HlopQ  of  frnm  1*1  k>  17  int^Jiea  han  b«*n  found  ti>  Ix^tcKJirreat,  the  watf^r 
having  done  rnneii  dainrtgt*  t-<i  tin*  tianki^.  The  larger  portioii  oftlie 
]*«Aoh  of  ^0  miiefi  fn>fn  llanlwar  to  KoorkiM>  ik  extensively  ripmiiped 
now  and  the  engineers  ar*i  continually  ailding  a  llninij  of  lH>wldi*wto 
the  bed  and  tsidcM  of  ihe  i'aiuil. 

The  veloc^ity  of  3  feet  per  ^eoond*  whieh  wiks  ongiuallv  givt*n  totlw 
Soano  canal,  caused  much  damage  by  erosion  and  ha*!  \uW  reniediei 
Colonel  Anderson,  H*  E*,  made  ^ine  int€re«tiiig  remarks*  on  ihii*  ^nh 
jcet  in  the  Roorkee  3lantial,  among  which  were  the  following: 

Where  the  fall  of  thu  country  in  tolerably  uniform  the  slope  of  th^  Ixsl  uf  thr 
mmn  ilmnnel  must  1«>  Ipsm  than  that  nf  the  hraaclM^s.  Thifi,  again,  miiiirl>el« 
than  timt  <>f  th*i  tliatribtitari^^i  and  minora,  the  object  \mmg  to  9ectur«>  Ma  ItrH 
pOHidhle.  a  uuifi>nn  velocity',  ro  that  the  matter  carried  in  siupensicin  may  li^  ctt* 
rifnl  cm  (tatn  the  he»d  and  depii«ited  over  th»?  irrigated  landii.  At  the  he<Ml«f  i 
canal  it  1»  fiometimea  desirable  to  redac-e  the  width  in  ordi^r  that  with  an  itKr^ini 
ilepth  the  y*.*lofity  umy  1m>  the  saine  as  that  iu  the  channel  l<jwer  dowii. 

lie  sayB  that  the  aecnmnlation  of  silt  in  the  main  channels  is  a  sen- 

ons  imiwHlinient  t<t  ol*tairiin^'  a  sup]>ly  of  water  nntil  the  cnips  aw 
mature,  and  their  elearanet^s  nre  L^iiormonsly  ex]>eni?ivi'.  If  the  i?ili 
ean  not  be  carried  to  tl*e  lleldSj  it  in  a  step  in  advance  to  prevent  i^ 
acenmnhition  in  tlie  nmin  <*hanuel.  It  is  easier  to  clear  out  the  minor 
bnioehes  witlioiit  enttin;^  olV  tiie  supply  fnun  the  main  river.  Escapes 
arc  in  trod  need  at  intervals  in  ali  4*anaU  for  the  control  of  the  di^ 
charge  <>f  water  and  to  facilitate  silt  elearatieeft  and  as  a  prevention 
of  its  deposit. 

The  folli^wing  interesting  ohservntirMis  were  made  by  Major  fniftijii 
in  his  report  on  the  Ganges  canal  relative^  to  velocities  of  current: 
Where  the  current  s^ieemed  to  be  perfectly  adjusted  to  a  lig'ht,  siinilr 
Hoilthe  velocity  of  the  sttrHo^e  was  found  tr»  be  from  2.')  to  2A  feet  pr 
second  ami  the  jjiean  veh)cities,  nsing  (i,sO  nsaeoefficioiit,  w*ere  fouad 
to  l>e  L85  to  L.^'5  feet  per  second.  In  one  place,  where  silt  was  l)ein|r 
constantly  deposite<],  the  mean  veh^eitics  were  from  2  to  2.H  ft^^t  per 
«eeond.  nn  tb<*  same  eanal  in  very  sandy  soil,  with  nearly  a  f"ll 
supply  of  water,  the  maximum  surface  velocity  was  found  to  be  ^M 
and  the  nic*un  velocity  t3.4it  f(M't  per  second.  In  one  of  the  distritui- 
t^iries,  where  I  hr^  soil  is  sandy  with  a  fair  proportion  of  clay,  the  nietui 
ve I o ci ty  was  1 , 9 H,  ]  {c re  silt  was  f\ c^p* >si  U  »d  h u t  n o  w e«^d s  gre w.  On 
the  Western  Jumna  canal  Colonel  Dyer,  H.  K,,  found  that  ^ilt  VM 
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ep<>site<l  with  mean  velocities  of  from  2  U)  2\  ft^ot,  hikI  in  windy  soil 
.7  feet.  i)er  second  was  the  highest  mean  velocity  for  noucutting. 
Hoksoirs  and  Neville's  formulae  are  thase  most  usually  eniploy<»d  in 
he  determination  of  velocities  and  correspcmdiug  cross  sections.  In 
lesigning  the  proportion  of  excavation  to  embankment  and  th(D  width 
►f  berm,  several  interesting  but  involved  formulm^  an»  employed  by 
lie  Indian  engineers,  of  little  service,  however,  as  guides  t4)  the 
Lesigners  of  American  canals. 

Great  care  and  judgment  must  l)e  exercise<l  in  the  alignment  of  an 
rrigation  canal.  Any  change  of  direction  causes  a  loss  of  v<'locity, 
knd  the  slope  should  l>e  changed  if  it  is  essential  to  introduce  a  <nirve. 
rhe  water  drawn  into  branches  and  distributaries  loses  vi^locity  in 
massing  through  the  he^d-sluices  unless  the}'  possess  thv  full  water 
vay  of  the  channel,  and  due  allowance  should  1m»  made  for  this  by 
i^ding  to  the  sloi)es  at  the  heads  of  branches.  Th(»  Indian  (»n^^iiieers 
^ave  always  deemed  it  essential  in  designing  their  canal  systems  to 
3Aake  a  thorough  and  detailed  survey  of  the  country  to  1m»  irrigated, 
fto  that  the  most  perfect  alignment  and  command  of  tlu»  lainis  <*an  1h» 
obtained.  Trial  level  lines  and  careful  transit  surv(»ys  arc  run,  after 
trough  survey  has  been  made,  and  the  whole  is  shown  on  a  large  scal<» 
contour  map.  A  complete  delineation  of  the  drainage  of  the  country 
is  one  of  the  primary  objects,  as  is  also  the  direction  of  the  drainage 
Dutlets  and  the  intierfluves.  The  nearer  the  line  of  tlie  canal  approxi- 
mates to  the  summit  of  the  watershed  the  better  will  be  the  align- 
ment, as  the  interference*  with  the  surface!*  drainages  of  the  country 
will  then  l)e  the  least  possible.  In  encountering  <*ross  drainage  pro- 
vision must  l>e  found  for  its  safe  paissage,  and  unless  the  streams  ar<' 
very  small  they  should  never  l)e  permitted  to  ent^M-  thechann<»l.  The 
canal  should  always  be  made  to  tail  into  some*  drainage  lin<»  or  river, 
BO  that  the  surplus  may  not  l)e  lost,  and  in  onler  to  insure  a  sullicient 
Bcour  it  is  deemed  advisable  to  increase  the  velocity  at  the  end. 
When  practicable  all  embankments  are  formed  l)v  ramming  the  soil 
in  thin  layers.  Where  the  channel  runs  through  sandy  soil  the  beds 
and  banks  should  l>e  covered  by  an  impervious  pu<l(lle. 

Great  care  has  been  used  to  fix  the  iMM-maneiicy  of  all  transit  points 
and  bench  marks,  et<.\,  on  the  surveyed  lines  of  canals  in  India.  On 
the  outer  edge  of  the  berm  are  ])lace(l  masonry  niileposts,  with  snialhM* 
masonry  pillars  every  one-fourth  mile,  while  on  the  insi<h»  whiter- 
washed  stones  are  laid  into  the  ground  every  ino  iv^'t.  At  fn»(|uent 
intervals  large  sulmtantial  masonry  Immu'Ik^s  are  established. 

HEAD-WORKS. 

The  head-works  of  canals  are  usually  locat(»(l  at  the  points  where 
the  rivers  emerge  from  th<»  hills,  in  order  to  o])tain  a  snlVicient  <*om- 
mand  of  land  and  allow  the  canals  to  reach  the  summits  o(  the  int(M*- 
fluves  with  the  shortest  i)ossil)le  length  of  diversicm  line.     In  India, 
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owiii*^  tc»  the  giN3at.  vol n me  tif  flood  vvat**r  required  lo  In*  i^iusj^ltjm 
the  clivi^rHinn  iH'itir^  it  m  iiecetssarv  to  have  an  extreitiely  wridiiwauip. 
way,  ar»l  it  i?^  uHiuil  U*  lucmti'i  tln^  w<*ir  in  ii  ii.^Iiitively  nidt^  iKiriinin' 
the  cliaonc"!*     Ii"  tlio  only  i*onHi<ierftiioTi  in  the  locHttoii  jiiitl  <*<mv  i:i 
tion  of  H  weir  was  tho  raising  of  the  wnter  of  tho  river  to  the  ]►  \ 
the  canal  ImhI,  in  ord*M*  to  obtain  the  shortest  possible  divemiou : : 
the  most  favonible  location  would  Iw*  in  the  loWi»retmr?*es  of  tht*  i 
where  the  fall  is  jiradnal  and  the  Imnks  shallow.     Such  ^n  u\>^inim\ii 
of  the  bed  in  thene  hJcalhieB  woiikl,  however,  raise  the  siirfj4*'*Mff  t^ 
water  in  frai*hel'S,  rtsnderliig  ne*!essary  the  eoiiMrurtion  nf  artJfifiil^ 
embankments  and  other  protective  works,  and  winild   \n*  i'Slr  ■  ■ 
objiK^tiunable,     A  roek  bed,  thoni^h  a  great  a<hanlHgc  and  alttm^-u 
be   preferred,  i?s  not  considennl  an  rndispensalde  reqtiisit-**  in  m- 
strncting  weirs. 

Several  irreat  Indian  weirs  have  lieen  thrown  aeroas  rivers 
IxKia  consist  enlirt^ly  of  pure  sand,  rtf  aching  far  lie  low  the  foi 
tions.     In  snch  cooHtrin'tionw  the  cddi*f  nH[U irein**nt  is  a  stroug 
l>eneatti  the  weir  to  break  the  fall  v>f  I  he  water  and  prevent  theft 
dfttioiij^  from  lieing  undermine*!,     Prcif.  George  Davidson  sa>*s; 

lu  t)rder  in  rtMiuco  thi^  fir^t  tumt  of  4^rmKtructi<m  it  ha.s  liec^mit^  a  I'tistiia 
Ain**ri(**i  to  hiiiM  bridges  and  d&m»  acmes*  streain?*  at  thc^  narr^iwi^sr.  p^mt* 
able*  or  ti  contract  the  streams  fnr  that  porpme.  Thii*  fr^iaeiitly  irtvfjTtjB 
difficulty  to  the  MHjtpntvr  in  Isjiug  the  pi^n*  and  almtnienta,  and  alsolidtipiti 
additirmal  i.laii^i^r  l»y  iuhlin^  to  th<«  ?*roimn/^  efff*  t  <if  tbf  wjittT  nji  n  o<nitr!*'- 
channel;  it  alttfj  protlnt'eii  tht*  f^vil  efl'tH'ts  by  the  forumtiun  of  «ilioaI^  tN^luiftif 
ttccinrin^-tnit  t'btvnnd.  The  proper  ItM-atinn  fitT  snch  wf>rks.  Hspeeially  ^uni 
rivfTH  witli  niiiit^ihle  banks,  is  in  th'  broad  remhei*  nf  the  strearn.  wh*'!^  :i* 
depth  of  the  water  in  lesn  and  where  a  har  ha?i  ht^en  already  fiirmt^l  ^M■^^l^'  ^ 
river  by  natnral  t'anae**." 

A  dam  across  a  river  is  anjihifjoos  to  a  bar^  and  shtmhl  bel<*t'Alrf 
and  treated  fus  sueh.  If  thi8  is  jibe-ed  m1  llie  broadest  part  of  lli 
stream  the  cont  of  const  met  ion  may  be  increaised,  but  noi  n-- 
warily.  Tnstanees  of  tbi-^  loeat  ion  of  weirs  in  tb<'  br(Jad^^st  re*'in!^ 
rivers  maybe  eile<l  in  the  ea.s<^  of  nearly  everj' weir  rojistruHed  ii 
India.  The  weir  at  the  hnad  of  tho  Ganges  canal  oee utiles  tht'  fii 
width  of  the  ehannel;  tiinse  of  t(n^  Hari  Doab  and  of  theSoiOiea^ 
thrown  across  at  lannts  w  lie  re  tlie  widlb  of  tlie  rivei"  is  an  av^ri;?- 
The  weir  at  (*kbhi.  at  Ih*"  head  nf  Mo^  Airra  t*anal,  is  also  i-nriMnirPrf 
in  a  hrr^ad  reaeh. 

The  tiead-wurks  of  Fncjinn  eanals  consist  essentially  of  lla*  *^ 
aero.sH  the  river  by  which  the  levrl  (*f  tln^  water  is  raised  and  ilsfl*^ 
cheeked;  of  a  set  of  sconrini^:  slniecs  ])laced  iii  the  weir  at  ihe^n'' 
adjacent  to  the  canal  head,  the  object  iK^ing  to  create  a  cimstaiil  ft<^ 
past  tlijs  head,  tlms  iirevr-ntin;^  and  rarryiu^^olT  any  ext^t^ssive^l^  i^'' 
of  silt,  keeping  as  tbey  do  the  conrsif  of  iho  noiin  ehaniiel  of  tiie  n^ 
close  to  the  canal  bead;  and,  lastly,  of  a  regulator  aemss  the  hf'J*ti 

^D&vidf^ttit  Prof,  Cfoorgv,  IrriRRtbrn  WtsfkJi  nl  \twVi^^  IT.&.ttennU^Dix?,  Ko.  W,  Fhrty-N 
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canal  channel,  by  which  the  proper  quantity  of  water  is  admitted 
<.  In  a  few  cases,  as  those  of  the  Ganges  and  Jumna  canals,  where 
canal  is  taken  from  a  branch  of  the  river,  a  permanent  dam  is 
►wn  aci'oss  this  channel  only,  the  water  being  diverted  to  it  by 
us  of  the  river-training  works. 

WEIRS. 

he  weirs  employed  are  of  various  kinds,  but  are  always  con- 
cted  substantially  of  masonry  and  are  well  founded.  They  may 
on  solid  rock  foundations  and  be  nearly  vertical  with  an  over- 
onto  a  rock  bed,  or  flat  and  low,  founded  on  wells  in  sand,  with 
rtical  overfall  onto  an  apron  of  masonry;  or  they  may  be  similar 
le  latter  with  the  exception  that  instead  of  the  vertical  overfall 
downstream  slope  may  be  constructed  of  loose-packed  rock  on  a 
f  slope  of,  say,  1  on  15 
on  20.  Only  rarely  are 
porary  weirs  constructed 
ply  of  loose  bowlders, 
two  great  classes  of 
rs  are  solid  weirs,  such 
hose  above  indicated,  or 
a  weirs,  in  which  the  ob- 
iction  is  temporary,  as 
lies  or  removable  sluice 

he  antiquity  of  weirs 
rery  remote.  The  first 
it  weir,  that  at  Tulkad, 
he  river  Cauveri,  is  said 
have  been  constructed 
me  Madwa   Rou,  A.  D. 

Many  others  are  said  to  belong  to  the  sixteenth  century,  while 
3rs  are  of  intermediati^  dates.  The  new  works  of  the  Indian 
ves  are  of  minor  imiKirtance,  with  the  exception  of  the  Poorniah 
nnel,  constructed  in  the  early  part  of  this  century  to  lead  the 
•ed  waters  of  the  Cauveri  River  to  ^lisaii.  Rough  stone  weii*8 
t  at  the  heads  of  most  of  the  channels  in  ]\Iisau.  These  raise  the 
er  level  to  the  required  height,  the  lowest  being  7  feet  and  the 
lest  25  feet.  The  canals  are  for  the  most  part  supplied  with 
ilating  sluices  at  their  heads  and  with  escapes  for  getting  rid  of 
i  waters. 

he  accompanying  illustration  (fig.  10,  ^1)  shows  the  section  of  a 
ve  weir  constructed  early  in  tin*  present  century,  the  breadth  of 
eh,  parallel  to  the  coui-se  of  the  stn^am,  was  1<>8  feet.  This  weir 
usted  of  a  mass  of  ruljble  and  large  stone,  the  front  face  formed 
tones  H  by  1  foot,  while  the  apron  was  composed  of  rough  stone 


Fig.  10.— Three  ancient  weirs. 


I 


nr  mmjk* 

9  %r  ^  ^  ^  ^'^'^^  l>^  ^  aserva  i  wnmi.     All  tli«  tniosdn 
SM  vilk  La^iCf  rwMifcL     Itn  §mU  i  w«t¥  first  marie  in  IMl 

«ttrrM  ««i  f«i  ft  ifii^Jj  diilef^ni  [ilaa.  |  K)  tk  ci» 

gfT%  »  f»ir  t<S<Ni  of  tlir  »tt4*titioci  |^h«alf 
aayic^  Id  tfcii  dbm  «f  voHc  «aHl  iadicsle  the  fallju^'  4^  in£«i 
i^  and  p«AioB  ^  ^6  aalerial  mmmd  of  to  ihe 
wijTk,     KotwiOfllMdiic  tk  €Kpk^»ent  of  Ijup 
«kaif Di  appOetfflft  dff  iBiiTriil  lh«  dfta  was  bwcliiiii  fifi 

A  lAt«r  arroloyam  »  (niiicallt  tfe  ite  ctti  glwn  ^f  tlie  Mudilv 
wm^  (t^  %a^  C).    Gentml  6t«^  rKAiiifd  llie  nstlw  Mdbti  of 
vdz^  tMtt  mfTdtgil  ite  chiif  fiulrag  bjr  bci£tcltii|r  ah  ImpnTrkiiXilll 

of  daciffjirfnjf  Ibft  dififc  itf  vsler  ftowing  ot^tir  tto 
tmnieA  tbe  wurk  In  a  eormd  Eoe,  its  giftiefml  difc«ticm 
Q(i«tT««iii.     Tb«  U^jctli  of  the  weir  wa&  nettrtv  dtmlile  tlia 
bptsiltli  of  ihit  Hvtrr,  attd  Its  er*^i  ww^  at  dtlTer^^tit  l»«vi?)ii  111 
plar«s;  the  part  n^x%  the  bisad  edifice  bi*iiig  ttivaiiattly  huri^r  tlui 
reai  firiipv'c'd  the  hemd  of  wat#rpi«8rai«  «giil|]^  tt  diirtng  fliicid. 
IImm  feattirce,  showti  hy  expcmtioo  to  be  derimble  with  tbe 
woAa»  Mxm  io  tDADv  defects  with  the  solid  itiji8onr>'  work  uow  AdogM 
!%#  fegnlatani  in  the  old  works  at  the  heada  aC  canals  wer?  m 
€Ofi5tnict4p4  of  rotigh  stooe  pc^t^,  the  opeaings  lietweeu  which   -^ 
stopped  with  rough  timber  aiid  f alfiUe*!  their  objeeti^  in  an  impeTfia^ 

In  reganJ  U*  the  lw<>  main  desi^s  adoptetl  by  motlern  practice  I« 
wein>,  nutnely,  thei>rjt*n  nn*]  thr  i*li*sed  or  solid  weir,  the  advanlaig** 
the  latter  is  that  it  is  self-acting  and  if  well  made  re<iuires  no  repairs 
or  maint*Mianee.  Its  first  cost,  however,  is  greater  than  that  of  a 
open  weir,  and  it  interferes  with  the  regimen  of  the  river,  causiaj 
deiKisits  of  silt  alnjve  it  and  })erhaps  making  the  river  seek  anothfl 
channel.  The  oi>en  or  scouring  sluice  weir  interferes  but  little  witl 
the  normal  action  of  the  river.  TIk*  scour  prcxluced  by  opening  tin 
gates  i)re vents  the  deposit  of  silt  and  its  first  cost  is  less  than  thato 
the  closed  weir.  Anotlier  form  of  weir,  the  best  examples  of  vrhi(i 
are  to  be  found  in  the  barrages  of  France,  consists  of  a  weir  openth 
whole  width  of  the  channel,  the  object  l)eing  to  prevent  in  time( 
flood  the  water  being  backed  up,  thus  submerging  valuable  properl 
abov(»  tin*  weir.  Tlie  ol)struction  in  the  river  channel  may  be  entirel 
remove<l  by  opening  the  gates  the  full  width  of  the  weir. 

The  ordinary  weir  consists  of  a  masonry  floor  acting  as  an  aproi 
I)roperly  founded  and  carried  across  the  entire  width  of  the  river  fliL* 
with  the  level  of  the  bed  and  protected  from  erosive  a<;*tion  by  curtai 
walls  up  and  down  stream.  On  a  portion  of  this  is  constructed  tl 
upiK»r  work,   which   may  consist  of  a  solid   wall  and   part  nia^soni 
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re,  the  interstices  between  the  latter  bein^i:  elo8e<l  by  some  teni- 
ar>'  arrangement,  thus  creating  the  scouring  sluices.    Woirs  ijroper 

in  no  instance  to  be  looked  ujwn  in  the  light  of  storage  works. 
53'  may  for  a  trifling  period  during  the  dry  s<?}ison  answ<»r  that 
pose,  but  the  irrigation  from  them  de|)ends  in  all  cases  on  the 
tinuai  flow  of  a  small  quantity  of  water  or  upon  an  auxiliary  sup- 

from  storage  waters  situat<Hl  higher  up.  In  spi^akingof  the  nuKle 
?onstructing  low  diversion  weirs  with  long  sIojk^s,  Col.  liaird  Smith 

.  rivers  with  beds  of  pure  Hand  and  havinf?  slop<»8  of  :U  fe<»t  i>er  milt*  HiK'h  weirs 

•  be  c'oustnict^Hl  and  maintained  at  a  ver\'  moderate  exix^nse,  and  the  elevation 
ae  beds  of  the  rivers  on  the  upper  Kid(»s  of  thes<'  weirs  to  the  full  lieijcht  of  the 
WHS  is  an  inevitable  consecjuence  of  their  constrwtion  and  no  arran^fmeiit  of 
Br  sluices  has  yet  been  effective  to  i)rev<»nt  this  result. 

Q  regard  to  founding  these  structures  on  wells,  he  further  says: 

L  pure  sands  acte<l  on  })y  currents  due  to  a  fall  in  the  river  ImmI  of  :^\  feet  \h^t 
i,  and  expo8e<l  to  the  action  of  fltKxls  from  12  to  L")  Un^i  d«»<'i»,  well  foundations 
ront  and  rear  of  0  feet  in  depth  have  l)e«»n  proved  by  exiM'rience  to  l»e  sitfe." 

U5  a  general  rule  the  masonry  apnm  should  have  a  tliickn<\ss  c([ual 
ine-half  and  a  breadth  betwe<»n  three  and  four  tiiiuss  tlu»  vertical 
ght  of  the  weir  forming  the  obstructive  part  of  the  dam.  The  effi-' 
icy  of  the  dam  depends  upon  the  construction  and  careful  main- 
ance  of  the  apron.  In  time  of  freshets  the  water  backe<l  against 
toe  of  the  weir  has  a  protecting  effect  on  the  apron  l)y  i)roducing 
'at«r  cushion,  and  as  the  flood  rises  the  height  of  fall  from  the  weir 
St  gradually  diminishes,  and  in  a  flood  of  10  feet  over  an  ordinary 
r  it  wholly  disappears,  leaving  scarcely  a  ripple  on  the  surface  to 
icate  the  existence  of  the  masonry  mass  l^dow. 
n  the  construction  of  weirs  in  rivei's  with  sjmdy  l)e<ls,  wells  may  Ik? 
isidereil  as  the  feature  of  Indian  engineering.  Th(\s<»  are  essen- 
ly  open  blocks  or  cylinders  of  brick  usually  sunk  in  tb<j  bed  of  the 
er  at  low  stage  and  are  protecUnl  hy  temporary  sh(M»t  ])iUng  place<l 
ween  their  outer  edges,  while  the  intermedial <»  spa(M»s  are  being 
jd  in  with  concrete,  thus  forming  a  solid  wall  floating  in  sand,  upon 
ich  is  built  the  sui)erstrueture  of  the  w(*ir,  scouring  sluices,  apron, 
I  retaining  walls.  Whatev(»r  the*  form  of  foumlation,  be  it  gravel 
hardpan,  solid  rock  or  w(»lls,  the  lli-st  portion  of  the  weir  con- 
icted  is  the  scouring  sluices,  which  are  <*arri(Ml  on  at  tin*  same  tinn* 
h  the  regulators  at  the  head  of  the  canal.  This  onbM-  is  [)ursne<l 
i&une  after  the  construction  of  tin*  scouring  slnices  the  water  in  the 
er  may  l>e  diverted  through  tluMu  wiiih»  tin*  work  upon  the  reinain- 

•  of  the  weir  is  i>rogressing,  and  especially  so  tliat  it  may  1m'  passed 
ough  them  when  the  (^losing  of  th(^  weir  is  <*tTe<'te(l.  Tlie  heaviest 
)d  of  water  takes  pla(*e  through  these  scouring  sluic<»s,  and  in  their 
istruction  the  very  b(»st  workmanship  and  material  are  re^iuinMl. 
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'ng'  weir  msmj.  if  deslimbliv  fivti'gnfa^  nt  thift  same  tlmtt  wjili 
liluiuuy  wiHfa.     TIm?  err*M^  «*f-lUii»  nf  the  wi?ir  ii«  npither  n» 
mm  imi  «»  tluu  iiC  tbis  futuitiAtkiii  ami  »liite&wit>^     When 
of  tlur  wieir  ift  i*llei*l««l  t^  loir  water  in  th^  ehaiincl  is  ilivv*rtvd  ^ 
lb»  ftliiieev:^^  sand  nr  cith^^f  inaieriAl  availiliie  is  c^arrie^l  m^ 
Imi  e|p«itlB|e»  fooadations  arr  built  np  as  mpidf  j  as  pciesible, 
aopoiainictaiv^  ekved^ 

lagMd  rodt  feawlalfaalaoblAlMlda  in  tli«^  lit*fl  nf  %lm 
^totlieattrte«lli^w«irisgiiraiiaaeiittreljrtlirrt*ri>iit  cni^l 
ffma  tbat  of  we m eowtmrted  of  other  taat€nal,  aatl  is  fniilt  tli( 
aat  of  tli^  okost  wiljatantial  wiaacmr3'  laid  in  element.  In  tlie| 
•oiiH*  wi^in^  tfa#  oveHall  bei^l  of  which  m  not  irrt*^t«  the  crooil 
Lft  iiiadf»  a«mriy  rerfiral  upeitrBaiiL,  and  a  ftli^ht  alo|>e,  ^lerhap^l^ 
givi^n  tm  the  tliiw  11.^1  T^am  fa<*f%  w^ieh  Ib  nsoally  so  eiir\H*fl  a»  td 
away  tbi!  flumJ  water  with  the  l«afllabock  to  tbi^  dam.  In  thi^l 
mgbBr  weifB  of  tliiA  eharuc*ti*r,  ivr  ihtisM?  %wrr  whi<'h  K^n*fil  fliiodai 
^ii^aris^d^  il  Is  asuaf  Uj  maki'  the  duwti#lre«tn  tai^  ni^arlj  ?i| 
fivii^  a  mdHcieat  tijfj  width  and  idupt!  to  ihm  upper  faee  to  iJia^ 
Btabnity  of  thi^  aTmetni^  ati4l  brtni^  thv  refinlUiut  Line  i»f  pi^ 
wJUila  ih^  raiddli*  iliird.  The  oUjeet  of  the  vi^rtiral  «da|M^  on  1  hii 
atveaia  face  b  lo  givi?  a  clear  ovi^rfall  for  the  llofid  w»ter.  Th{| 
on  th<^  water  eafibioii  funiiM  by  tht^  i^)tit«tnirti<in  <if  a  subNidtal 
placed  aame  little  distojiee  below  ttiu  niatu  weir^  and  backs  tli« 
np  a^infit  its  base*  In  all  fommof  av^rfall  wi^irs  h^iblp  Ut  the^ 
shock  of  lar^<^«  floodj*  ii  i^  eiij*tonuir}*  to  tMinstruct  thejsi*  ij4nh 
weirs,  swimt*  exampli*s  of  which  will  l>e  givon  in  tlu^ir  proiM^r 
In  the  location  uf  is^ach  weirs ^  a  bma<i  reach  of  tht*  stn^sini  if^ 
for  tht' site  of  the  main  weir  in  order  to  reduce'  llic  hr*ight  o] 
passing;  uver  iKson^st:  while  the  subsidiary  wrir  is,  if  jKJHHibk*, 
in  a  narrower  place  so  as  to  prodace  the  greatest  depth  of  w; 
the  toe  uf  the  upi>er  wt^ir  Scouring  sluices  of  limittMl  eroe^i-se 
an'a  art?  intnMhu**Hl  in  such  weirs  as  these,  th€*ir  object  IxMUg  i 
a  clear  ehann^d  iiuimsl lately  iti  fnmt  of  the  canal  re^ulat4>rs. 

Of  weirs  founde*!  on  wplls  in  santiy  rivers,  that  at   the  hi*ad 

Tx>wer  Ganges  canal  at  ^'arnra  presents  a  i>eculiar  typ<s  Vhmj 

stautiiiny  Vniilt  of  masonry  and  with  a  profile  similar  to  tlmt 

masonry  wi-ii-s  just  dest-rilkd.     This  weir  is  const ructt*d  *mX 

brick,  chii^tiy  iKH-aui^^*  of  tlit*  cheapneasof  the  material  at  Nan 

'  i*ousists  of  a  wall  8  ft^et  wide  at  li*jtt<jni  and  7  feet  at  ttiji,  the  < 

which  is  t4  f*^-^  above  the  river  Innl.     The  npstream  sIojk'  is  ' 

while  thi*  dr*^Tistreani  slope  is  Jiearly  wk     It  is  pi^otectcil  on  ih 

side  by  a  quantity  of  loose  rocks  or  bowlders  thrown    into  tl 

bed  nearly  Hush  with  the  en^st.     On  the  dowiistream  sidt^  is  ai 

nearly  150  feet  wide  tn  reccivi'  Ihr   impaet  of  the  falling  waiei 

.  first.  4n  feet  of  this  Kpron  isriunfMrni'd  of  masonry  n'stiniur  on  fo 

)  I  of  shallow  wellsj  ai>iitting  at  its  lowej^  end  against  a    n>w  ul 
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ow  this  is  a  considerable  depth  of  loose  hand-packed  l^owlders 
riiHl  out  to  the  extreme  toe  of  the  apron. 

'he  total  lenj»th  of  the  masonry  portion  of  this  weir  is  4,125  feet, 
luding  the  scouring  sluices  at  the  head  of  the  n^gulator,  whicli  are 

feet  long.  '^Fhe  left  end  of  the  weir  rests  on  an  wirth  enilmnk- 
nt  a  little  outside  of  or  beyond  the  river  channel.  This  embank- 
nt  is  1,000  feet  long  with  an  angle  at  th(»  shoal  <>nd,  and  is  carried  up 

stn^ani  for  some  distiince,  thus  pi'oteeting  the  low  river  l^ottoni  on 

t  side  from  floiKling.  Detailed  drawings  of  this  weir  show inir  its 
ss  section,  the  plan  of  its  foundatu^ns,  and  th<»  arrangenicMJts  of 

eml)ankment  and  canal  head  are  pn»s<.Mit<»d.  (Pis.  XI  and  XII 
1  fig.  22.) 

Vnother  and  very  comnum  type  of  weir  founded  on  wells  is  tluit  rep- 
ented by  the  weirs  at  the  heads  of  the  Agra  and  Soane  canals 
i.  X.)     The  weir  at  the  head  of  the  Agra  canal,  as  first  const  rucUMl, 

I  to<j  ]M)ldacross  section,  and  during  several  succ(»ssiv<^  years  the 
iQv  end  or  toe  was  carried  away  in  time  of  flood.  It  has  n»inained 
act  ever  since  its  reconstruction  in  1S75.  This  ^v^nv  is  without 
nidations  of  any  sort,  resting  on  the  rivrr  lM»d.     It  consists  of  a 

II  of  masonry  4  feet  wide  on  top  and  a  litth*  wider  at  base  forming 
3  main  crest  line  of  the  weir,  tin?  height  of  which  is  Ju  feet  above 
?  river  bed.  From  this  crest  the  slope  upsti-eam  is  carried  to  a  dis- 
ice  of  40  feet,  and  consists  of  large  stones  hand  packe<l  and  laid 
r.  The  downstream  slope  is  very  flat,  averaging  alK>ut  1  on  20,  and 
carried  a  distance  of  20  feet  to  a  point  at  which  is  constructed 
r>ther  miisonry  well  similar  to  the  first  and  resting  on  the  river  beil, 
line  being  parallel  to  the  axis  of  the  weir  for  its  (»ntire  length, 
ne  distance  below  this  is  a  smaller  well  similar  to  the  two  previ- 
\\y  mentioned.  The  entire  remaining  portions  of  the  weir  consist, 
large  stone  blocks  dry  pjwked,  th(»  walls  acting  as  bars  to  prev(^nt 
ir  sliding. 

^his  weir  is  2,573  feet  long  from  the  right  bank  at  the  canal  head, 
t  left  wing  resting  on  an  island  in  th<i  middh^  of  the  .Innina  Kiver. 
embankment  20  feet  wid(^  on  top  was  carriiMl  thence  to  an<l  a<*ross 
east  channel  and  thence  up  the  h»ft  ])ank  of  the  river  for  some 
es.  The  scouring  si ui(»(\s  are  lo!>  feet  wi<le,  and  ai*e  substantially 
nded  (m  four  lines  of  wells.  In  order  to  [)revent  the  destruction  of 
s  weir  by  the  action  of  flood  waters,  groins  of  a  i)e<Miliar  shape,  called 
gator  groins,  are  constructed  on  both  the  upstream  and<lownstr(Nim 
es  at  intervals  across  the  channel  of  the  iiv<'r  and  i»arallel  to  the 
ii-sc!  of  th<»  stream.  The  object  of  these  is  to  deth'ct  as  much  AvatcM- 
possible  toward  the  right  bank  with  a  twofohl  object- -first,  the 
itriiction  of  an  island  which  obstructs  the  channel  just  above  the 
lal  head;  and  second,  to  aid  the  under  sluices  in  su(*king  or  draw- 
:  water  toward  them  at.  low  water,  thus  afTording  a  sullicicnt  dis- 
irge  in  front  of  thi^  canal  head. 
IRB  87—03 8 


Thf  Snnno  w<?iir  (flj^.  1-)  is  j*tmUar  In  tbe  A;=^ra  weir  in 
HtrutHion,  hut  n3?*oiiil>k^st  tlutt  a!  tin*  lu*inl  of  the  Midaapon^ 
m<*ri*  than  any  otht^r.     It  (^jrij^mt^  uf  Uin**^  imriillel  lines  of  m^ 
nuiriiti^'  ii,H  en  tin*  len^^tli  and   vnrytng  i'mtu   l'|   ii*  Ti  f«H*t  in  s0 
Thv  main  walU  wbidi  is  in  the  central  axi>*  4»f  Mk/  weir,  ii*  5  fm0 
and  8  fwl  high,  and  all  thrt*o  linea  af  walk  are  frmndt**!  on  weih, 
inmi  ii  in  H  feet  h)  tht*  nandy  l^^d  nf  tlu^  river,      iletween  thiiSft^ 
in  a  simple  ijry  ?*tiine   paeking.     The  ufistroain  nlope  ia  1  cm  3 J 
downstream  nlrtpe  1  mi  12,-  and  the  total  length  of  the  towerulo^ 
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04  feet.  The  Ujtal  lenj^th  of  t  he  weir  iw  l:i,47ti  feel,  and  it  is  J9,3  fi^l 
in  heit^ht^  inc'liitlini^  its  rmiiidatkuLs.  On  Itip,  hinged  to  the  Uiwer 
edge  of  the  ei'est  wall,  i.s  a  niw  of  inni  shutters  (lii^*  13)^  each  IsS  feet 
long  and  22  inelies  high,  wFiieh  are  supported  by  strut«,  so  that  when 
the  river  is  low  they  increase  the  diverting  height  of  the  dam  by  -*- 
inches,  and  in  time  of  flood  they  fall  automaticall}',  thus  giving  the 
flood  a  solid  masonry  crest  over  which  to  flow.  These  shutters  are 
held  in  place*  by  an  iron  rod  hinged  to  their  centers  on  the  upstream 
ude  at  about  one-third  of  the  height  from  the  base. 


I 
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IRRIGATl<>K    IN    IX 


*riu*  SiniTie  wi?ir  {\\^.  12)  m  y^lmWiir  to  tin*  A^ni  weir  iii  g 
HlriH't  hiiLf  hut  reborn  hleB  tliut  at  ihtt  head  of  I  lit'  Miduaj 
mom  Ihiiii  any  other.  It  ixmsiuts  of  thrt^e  parallel  Uiiei^t 
nirniing  \i^  t.*iiUiTi  l*.mgth  ami  varying  Trorn  *^4  tro  5  fee 
Tlie  niairi  Wiill,  which  Is  hi  the  ininlral  axis  of  the  weir,  m 
and  B  feet  hi|^h,  mid  hLI  thf*ei:  ImeBof  wall»  are  fouiirled  on 
from  C  to  8  fei't  in  the  wandy  i>ed  of  the  river.  Hetween 
if*  a  Himplt*  dry  wtoiie  packing.  The  iip^tn^ani  wh*pe  in 
duwuHtreani  s^h^iie  1  ou  i:^,*  and  tlie  iot^l  length  of  the  lo 
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Vm:.  II.     Plan 


04  feel.  'Hic  total  Icii^xth  of  tin'  \v(Mr  is  li\47()  feet,  and  it 
in  liei<z:ht,  ineludinii;  its  roiiiidat  icuis.  On  1(>]>,  hiii^^(»<l  t( 
edge  of  the  crest,  wall,  is  a  row  of  ii-on  shuttei's  (tiir.  1'^),  ( 
lonjx  and  22  inclies  liigh,  whieli  ai-e  sn]>j>orte(l  hy  struts,  sc 
tlie  river  is  low  they  increase  the  <li\'ei't  iiiu"  height  of  tlic 
iuclies,  and  in  time  of  flood  they  fall  auloniat  ically,  thii.'' 
flood  a  solid  niasoni-y  ci'cst  (^vim-  which  to  flow.  'Ilicse  s 
held  ill  place  hy  an  iron  rod  hingiMJ  to  llicii-  <-enters  ou  tl 
side  at  about  one-thii'd  of  the  height  from  ihe  base. 
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weir  acT08S  the  River  Ravi  (fig.  14)  at  the  head  of  the  Sidhnai 
rei)resent8  a  uew  and  different  tyi)e  of  construction.     At  the 


where  the  weir  is  ])uilt  (fig.  To)  th(^  river  be<l  for  250  feet  on  the 
ink  and  200  feet  on  the  right  bank  gives  a  good  clay  founda- 


r 


lEEIUATlON   IK    INDIA. 


^ 


!«ii;    -? 


n  I'm-  ii  reiiHnimblf^  depth  below  thf?  top  of  tin*  wi*ir,  but  tbe  arntral 
HirMtni,  31*(J  ftn't  lunir,  J**  of  f*aiid  to<>  cb*ep  1**  pt*rmit  of  L**tm  in^  IIm* 
ilUTidHlic^ii  to  ihe  uudorlyiiii^  elay.     A  trt'iitih  wa.s  dug  thn*udi  tJu* 


^ 


c^oss  SECTION,  i>£/tm  warn 


Vm.  l\\.^^Shjkt\mr  tm.  BoKfu*  'W^t. 


^Tii  ral  Handy  iKulioii  l^j  xi  dt.^ith  of  13^  feet  bolow  Ihi*  rtt^wl  of  tht^  «rHr, 
^d  fur  a  tlistaiic*!  uf  4iK>  ffset,  and  t^hi^et  pili*«  10  f^*!  l<ni^  wvit*  driv«*n 
|jttto  the  sand  fi8  a  protet*ti0n  for  the  frmiidallon,   nnA    to  pivveni 


low  flit*  Iov*il  of  Uie  wHr. 

Tho  liij^hefit  rei??ordr4 
flofxi  would  puss  ll*  fi^t 
over  the  weir  crest.  Thf 
rn^st  of  tho  weir  feupjK>rfe 
H  row  i^f  wcKKleii  jiCM^Jh'T* 
whk'h  are  readily  rem ov- 
able  and  are  7.5  feet  hn^z. 
They  are  placed  bet w*  tu 
masonry  pillars  »bout  10 
feet  apnrt,  thus  inena^^ 
iug  the  efTective  diver* 
HJon  li*M^h1  <if  the  wnjr 
by  their  leii^h.  '^ili^ 
Tnf>de  of  eoustructicm  b 
iiiilicaU3d  in  fig,  Iti,  and 
the  artion  of  the  ne<Hik'^ 
is  rnoi'e  fully  deseribt*<i 
elsewluire. 

(If  tomp<irary  weii>, 
the  most  notalde  exariT- 
pie  Ijs  that  at  1h«*  hc^M<l  <'f 
th^.' (iaiii^^'s  i^aiuil  ahtiVf'  HiinlwHrili^.  1>^).  At  this  p<diit  IhelnMlnf 
the  r[vt'r  i.s  r-uniposLul  of  bowlders  tif  varioitjs  sixes  to  a  eonsideralil*' 
depth.  Thi*  head-vnjrk;^  i>f  the  c^anal  riMisist  of  a  mmiber  of  gepanti*' 
struoturc*s  exteiuliug  up  the  rivur  iibove  thu  liead  of  the  eiiual  pl'^jH^J" 
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IRKIOATION    IN   INDIA* 


t>ixc. 


dlHtiin(*«  of  Bevaml  milBH*     The  bee!  of  tli<*  river  Is  divicle^l  inUi  ^r- 
ral  i!hannels,  thn  priueiiHil  ouo  biding  thf  Ilartlwiir  i-hnnnel,  fmiu 
lilcih  Uhi  I'lUiiii   i8  divortt-d  and  iuto  wLii'li  the  gi-eat^T  part  of  i\w 
fltf^r  ill  tlio  rttin^tuii  if*  trained  by  means  of  various  workis.     The  ^eu* 
ral  j>laa  of  tiu-se  works  is  given  ni  the  aecompanyiiig  t*kc»icli.  At  the 
pptT  ond  of  the  bif urmtion  of  these  chaniiels  is  a  masonry  wall  or 
arcoimtructed  across  the  left-hand  channel,  the  object  being  U*  fon« 
10  water  toward  t\u^  Hard  war  or  rigfht  Imnk.    llu^  Harduar  diMniid 
xini  this  point  on  is  *pn>teeted  and  traintxl   by  meauH  of  a  ^*rm 
t  permanent  bowlder  embankments,  terminating  on  their  endj<  in 
la^onry  noses.     On  a  minor  channel  a  little  lower  down  a  permanetil 
eir  is  constructed ,  clo.se  to  the  right  bank,  U>  prevent  the  (langRs 
?om  cutting  t-tio  far  in  that  dirtK5tion;  and  a  tnfie  below  this,  ej^ossiaga 
[launcd  heading  to  the  left  bank,  are  the  diverting  we  iris  proper,  eeat- 
iitini^  of  a  sc^rit^t^  of  three  temporary  lK>wlder  dams,  built  across  tltt 
tiannel  one  behind  the  other  in  sueh  a  ui runner  that  the  leakag)^ 
iroiigh  the  first  will  }M^  caitgrht  by  the  second  and  tnraed  back  iiiUi 


Pin.  lft.-'Dt?tiiUB  of  tymiKjrary  tUuis,  {T&nge^  canal  beads, 

the  llardwar  channel,  and  that  frnrn  the  si^eond  will  lie  can^zht  bT 
the  third  and  diverted  a^^aiu  to  the  llardwar  channel,  lliese  dam^ 
ai^e  destroy fKl  each  year  by  the  floods  and  it  has  l>oen  found  necessary 
entirely  to  rebuild  them  aumially,  new  Ixjwlders  Ixdrtg  brou^dit  dowu 
for  the  purpose,  as  the  ohl  ones  are  carried  too  far  away  to  be  econoni- 
ieally  collected*  Expenence  hns  ?shown  that  tliis  mode  of  construc- 
tion of  temporary  weirs  is  less  exiK^nsive  t.han  woultl  be  that  of  a 
permanent  one  at  this  plaiH*. 

Large  pyramidal-shaped  eril>H  o(  timber  are  formed  in  the  ron^hest 
manner  and  whr*n  placed  in  position  are  tilled  with  bowhlen^  (fi^^^l<l)* 
Bowlders  arc  then  thr*r\vn  on  tojiof  these  tostrcugthen  and  raise  them 
hinfhcr  and  the  channel  fac<*  is  covered  with  small  branches  and  smalliT 
hii wl d c rs  ami  so m e t i i m ^ s  w i t h  ( ^a it  1 1  to  p re ve n t  ex ce sw i vc  1  ea k a ge .  T in^ 
v^elocity  is  almnt  10  feci  in^r  second  in  tlie  major  portion  of  the  lianl- 
war  channel,  and  its  abrading  efTect  is  excessive,  in  ennscqucnec  of 
which  Imes  of  temporary  and  uf  pernjancnt  bowlder  banks  and  siniif 
masonry  dams  are  can-ied  from  this  point  the  entire  distance  along  the 
sides  of  the  channel  to  the  main  regulating  weir  below  llardwar. 
Just  beneath  and  behnv  the  bowlder  weirs  above  referred  to  masonry 
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bars  are  sunk  in  the  bed  of  the  side  channel  to  prevent  retrogression 
of  levels,  and  a  few  hundred  yards  below  and  about  opposiU>  the  city 
of.  Hard  war  is  a  third  channel  leading  from  the  Hard  war  into  the  left 
channel.  This  is  stopped  by  a  permanent  half-open  masonry  dam 
laid  on  a  solid  bed  of  masonry.  In  times  of  liooiis  the  sluice  gates 
may  be  removed,  while  at  low  water  their  insertion  closes  the  channel. 
The  regulating  gates  are  atMyapur,  at  the  head  of  the  canal.  Here 
are  also  the  weir  and  scouring  sluices  proper.  The  latter  works  con- 
sist of  a  weir  of  solid  masonry  founded  on  the  bowld(»r  l)ed,  with  15 
scouring  sluices,  each  10  feet  wide.  The  weir  proper  is  only  5l'o  feet 
in  length,  of  ^\hieh  20()  feet  are  occupied  by  the  scouring  sluices  and 
their  piers.  The  sluiceways  are  deep  and  are  closed  by  double  s(»ts  of 
^ates,  some  of  which  are  raised  and  lowered  I)}'  Jiieans  of  a  traveling 
winch,  the  remainder  lx»ing  closed  by  simple*  i>lanks  or  tlashlxmrds 
laid  in  the  grooves. 

SCOURING  SLUICES. 

The  scouring  sluices  placed  in  open  weirs  consist  of  the  foundation, 
the  floorway,  and  the  superstructure.  The  floor  must  Ix'  d(»ep  and 
well  constructed  and  carried  for  a  little  distajicc*  above  the  weir  and 
for  a  considerable  distance  Ixdow  it.  Atove  this  are  built  up  masonry 
piers  at  regular  intervals,  placed  from  0  to  12  feet  apart,  and  grooved 
for  the  reception  of  planks  or  needles,  or  closed  with  automatic  gates 
or  some  other  device  which  can  be  rapidly  i-emoved  or  replaced.  By 
this  means  the  water  is  kept  under  control  and  when  low  can  be 
raised  to  the  level  of  the  crest  of  the  weir  by  (losing  the  gates,  while 
in  time  of  flood  they  are  opened  to  secure  a  scouring  of  the  river 
channel  in  front  of  the  canal  regulators.  The  masonry  flooring  is 
carried  the  entire  width  of  the  sluiceway,  flush  with  the  river  IxmI  and 
abuts  well  into  the  bank  of  the  river.  This  is  i)rotected  l)y  a  curtain 
i¥all  of  masonry  up  and  down  the  stream. 

The  sluices  in  the  weir  at  the  head  of  the  I.owcr  Ganges  canal  «at 
Narora  are  38  in  numlxjr,  each  7  feet  10  inches  in  the  ch^ar.  They 
have  a  total  length  of  427  feet,  and  the  masonry  piers  sej)arating  them 
ai^e  but  2^  feet  wide.  The  total  length  of  tliese  i)i(M*s  paralh^l  to  the 
coui-se  of  the  stream  and  at  right  angU»s  to  the  lint*  of  tlie  weir  is  'M) 
feet  4  inches,  and  th<»yare  praetieally  two  stories  high,  the  upj)erde(*k 
or  gallery  having  l)een  constructed  to  have  suHieient  headroom  to 
raise  the  gates  (fig.  22).  These  gates  are  lit*te<l  !>y  traveling  win<*hes 
running  on  rails  on  the  ui)per  <leck.  The  slniei^ways,  like  tlie  main 
weir,  are  founded  <m  a  s(*ri<»s  of  wells  sunk  in  tlie  sands  an<i  eonneeted 
by  brick  masonry  arches  l)etween  whieli  is  a  solid  filling  of  hriek  (Pis. 
XI  and  XII).  The  total  l)rea<lth  of  loose  stones  on  th<^  upstream 
approa<*h  to  the?  sluiceways  is  .*>()  feiM,  and  th<'  total  brea<ltli  of  the  Ix'd 
of  the  sluiceways  is  l/iO  fe«»t.  Tx^yond  this  masonry  flooring  is  carried 
and  flooring  of  broken  stone  well  i)acked  for  a  distance  of   Kid   C<^^<, 


iRRiaATioT*  w  mmA, 


farth*>r.     Tht^  dopth  of  th©  floor  m  3  fe*»t.    Tbe  ar?iiiigeiii0iit  of  »l 

wfty  n^lativv  in  th**  remiduder  of  tlit^  winr  niid  heaij^works  msbowD  In 

P 1 ,  X  r  1 1 .     Ill  t ^  K 1  u  i<tv  giil«s  a n>  tiiibntfi iit i al ly  cm  » nst  nieted  o  f  wtn kI  and 

Ii*on,  and  hw  twu  in  immbcr  in  tmvh  ui^iilujr,  tlu*  upper  n»w  whm 

loyr^TGil  abuUiti^  ai^niuHl  Iho  tup  of  ih*^  l<m**r  row.     hi  tim»*  of  4rf**at 

l^^odf^  both  m*t^  of  ^ut€!i  may  b*)  etitinrly  mi. nod  cbmr  of  llu^  JliMwt  liui*, 

^■Tlit*  gatt*N  in  Ihe  weir  at  Myupur,  nt  tht^  h«^«d  of  the  OttDii:<w  cjiiihJ, 

Ttre  wimilar  Ui  llunst*  deHcrilKMl,  and  nn*  n^pi*^ftenUMl  iti  tli^  aefonipiHi|- 

ing  inuNrmtioii  (ligt  17).     The  ^Inkej*  in  ijje  weir  at OkhJu,  at  i\w  hcixl 

'  ol  the  AgTH  eaiiatf  are  .siiaUar  iu  de»igQ  to  all  otlieni  of  this  eUusa^aad 

cont4iin  10  o|ienin^H  Iiaviiijtj  a  Klnk*oway  of  13B  fi^et     The  ui>eiiinga,  6 

feeti  wide  by  JO  high,  art'  built  intoil  mawjiiry  Htruciure  111  fcv^  Uift 

and  the  i;aif*H  »lidi3  !M:*twi*ton  pi**r8  2^  fm*i  tliiek;  thi^y  an^  raiM'd  bri 


Fic;.  IT— Myapur  dam,  Ganj?es  canal. 

tnivf'liiif^^  wiiH'h  from  above.  Tho  floor  is  founded  on  four  lines  of 
wells,  and  is  1  I  feet  below  the  en^st  of  the  weir.  The  pavement  of 
this  floor  is  S  feet  wide  upstream,  41  feet  downstream,  and  12  feet  in 
tlie  eenter  of  the  weir.  Tliis  is  praetieally  a  single  structure  resting 
on  the  sand  of  the  river  l)ed,  and  is  subje(*l  to  considerable  leakage. 
It  is  rcMjuired  not  only  to  <'arry  the  weirs  an<l  their  superstructure,  but 
also  to  withstand  the  foi-ee  of  a  ton-en t  of  water  10  feet  deep. 

Amon<r  the  eai-liest  and  for  that  reason  most  interesting  series  of 
automat ie  sluiceways  const rueted  an^  those  in  the  Mahanadi  weir, 
in  lowei-  lleuiral,  at  the  lu^ad  of  the  Orissa  canals.  The  sluiceway 
consists  of  10  bays  eacli  r)0  t'eet  wide  and  separated  by  masonry  piers. 
Each  l)ay  is  closed  by  a  double  row  of  timlxM-  shutters  fastened  by 
wrought-iron  bolts  and  hinges  to  a  heavy  beam  of  timber  embedded 
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in  the  majsonry  floor  of  the  sluice.  <*    There  are  seven  upstream  and 

seven  downstream  or  rear  shutters,  the  latter  9  feet  higli  above  the 

floor,  and  the  former  7i  feet  high.*    During  floods  the  upper  row  of 

shutters,  which  fall  forward,  are  fastened  down  by  clutches  in  an 

almost  horizontal  position,  while  the  rear  set,  which  fall  backward  or 

downstream,  are  kept  in  a  horizontal  position  by  the  rush  of  water 

over  them.     In  the  dry  season  the  rear  shutters  do  duty  by  damming 

the  water  up,  and  for  thio  purx)ose  are  provided  with  strong  wrought- 

iron  struts  attached  to  their  lower  sides.     In  order  to  lift  these  the 

npstream  set  are  flrst  raised.     This  operation  being  aided  by  the  press 

of  water  beneath,  they  are  i)ermitted  to  rise  to  a  vertical  position  by 

means  of  a  chain  guyed  to  the  floor  above  them.     Relieved  of  the 

water  pressure  by  this  upper  set  of  shutters  it  then  becomes  possible 

to  raise  the  lower  set,  after  which  the  upper  set  are  lowered  again 

into  their  original  position,  and  the  weir  is  in  position  to  withstand  a 
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Pio.  18.— Head-worlw  and  weir  traininfir  works,  GsnfireB  canal. 

^Ood,  as  the  lower  set  can  be  instantly  dropped  by  merely  removing 
^^e  bolts  which  support  them.  The  redamming  of  the  water  is  accom- 
plished in  less  than  a  minute.  By  reversing  a  lever  each  upper  shutter 
^  released,  when  they  rise  more  or  less  rapidly,  but  with  a  compara- 
tively slow  motion  until  near  the  water  surface,  when  they  arc  brought 
iouie  with  a  jerk,  which  does  not  seem,  however,  to  cause  a  great 
Strain. 

Probably  the  best  example  of  automatic  or  self-acting  sluice  gates 
are  those  constructed  in  the  weir  at  Dehree,  at  the  head  of  th(»  Soane 
canals.^  The  sluiceways  in  this  weir  consist  of  threi*  separate  sets, 
one  of  which  is  placed  close  to  the*  head  of  the  main  w(^storn  canals, 
and  are  537  feet  4  indues  in  length,  containing  20  openings  separated 
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wif!*^,  jMnill-4  t»*  (hi^  rt%*^r  -^kann*-!.  A**  at  first  <lt*si^if^l  thiN  1l*«»rfif 
f^>f»Mi>>t«l<*f  m  *ari^r»tam  1  f^?**t  tb^k  «*f  niW*V  pure*!  wiih  jr<w«<J  ^^^ 
ft  iii*'li*'*-  Tlii**l*  hut  iti**  *Jiflictiitv  rtf  this  *»ti*^tMi**ti"0  w»s  !*ucIj  tlvali 

tjlo^^kA  Aft'  I"  Ny  r»  f,^T,  wiiti  i«.>  ^«4i  <*|^'ninpi  fc*a*-li,  iiiiil  wt^n?  iMitftl 
f*'*'l  hi^h  fipMi   t^nilp^t  i*iiH4ti3^  !jii4  tut  ibt*  .^tirfitt^' cif  ihi^-^iutl 
wbtf-n  tlif  liriekn^Mrk  h^id  ^***!  lh»%v  *r»*n*  ^unk  utitfl  ilu4r  ktf>^  'feF* 

artjftn'l  tin-n»,  arnl  whf-n  -^*f  in  U*fr  »  >-4ifl  fnundatiim  fur  the  !ii«* 
ITii?  fu«}|lnr|ifir4«iiH*nt  nn  Iliis«f>|iil  f\*m*r  i^  15  inches  thk*k  in  the  hi*** 
«f  ill**  H^#rtnri^  nIhh^o^  nriij  '*  in^-lies  thh*\i  **%  t*r  tln'  ajinm.  Ti^enir-fi* 
lts*4  iijmirc^Hrii  from  lln-^lu**'>#'  ll*«rntji;  i**  a  iiii*»*»f  wvlls  Mink  I''  M* 
n  curtail  It  wfiM  tn  1  lit*  Hprnit.  ^hhI  flit*  vvt^Uioltrs  and  iiit**n*iiHo»*s  am*  fiWj 
Willi  i'imvr*'U\  *!*<  hi  tfn*  roiuHlatiiMi  ttf  i  lu*  t!i Hiring.     TTif  s|«ii«**  lir-f*^ 
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mrtain  wall  and  the  sluice  flooring  is  packed  with  larj^e  bowlders 
covered  with  pavement  9  inches  thick.  Twenty-live  f(H»t  <lown- 
un  from  the  flooring  of  the  sluices  a  line  of  wells  has  been  sunk  10 
and  formed  into  a  solid  wall ;  the  spaces  l)etween  this  wall  and  the 
ing  have  been  tiled  and  packed  with  lx>wlders  and  stone,  and  down- 
un  from  this  point  a  talus,  composed  of  large  bowlders  and  blocks 
one,  stretches  50  feet  farther.  The  whole  length  of  the  sluic^o  floor- 
parallel  to  the  river  channel  is  200  feet.  Notwithstanding  th(* 
'.  workmanship  of  this  foundation,  the  floods  of  1874  proved  very 
motive,  and  tore  away  much  of  the  river  l)ed  to  a  depth  of  3H  f(M»t 
vv  the  toe  of  the  talus. 

le  mode  of  construction  and  op<^ration  of  the  sluice-gates  tliein- 
;s  is  as  follows:  These  gates  (fig.  25)  ar<»  constructed  of  wood,  well 
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ed,  and  there  are  two  for  each  oiM^ning.  For  each  alteri»at(»  pair 
ers  on  the  downstream  flooring  a  low  masonry  wall  1  foot  high  is 
:  out,  which  holds  1  foot  in  depth  of  water,  thus  forming  a  water 
ion  on  which  the  lower  gate  falls  and  reli(»ving  the  |)i(»rsof  a  por- 
of  the  shock.     Th(»  upi)er  gate  falls  upsti-eaiu,  Inking  hinged  to  the 

at  its  bottom,  and  abuts  against  a  series  of  six  sti-iits,  hollow  ii-on 
iders  with  small  vent  holes  in  which  j)istons  work,  so  that  when 
jate  is  raised  by  the  water  und(»r  it  th(»  imi)ael  against  the  struts 
iieved  by  the  pistons  plunging  in  the  water  in  tlu*  (*vlinders.  The 
istream  gates  fall  downstream  (fig.  It)),  and  are  supported  by  four 
rods  lunged  to  their  upi)er  face  IxOow  thc^  center  of  gravity,  and 
1  in  positicm  are  hehl  upright  by  chains  attach(»d  to  th<»  i)iers.     If 

gates  are  oiwn  an<l  it  is  <lesinHl  to  close  the  lower  one,  so  as  to . 
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evnr  If  ti«  dAim  tk  walrfM*  ttfi,  llif^  i>pi9nitinn  i»  purfiiroK^l  in  thimui^ 

it  lii  tte  Jlonr,4»d  IfiT^tsciil  a  little  by  mi^n^of  « l»ii^li 
1^  iMi»€C  the  wsliir  an  the  lutiler  snrfaa^^  hmp\ 
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Hit  |igimMi^  b  actv  ri»1i«^%t44  fmtn  the  lowor  ^K  whiel^  b 

^  hand  lp<^Tfif»  ttwl  dialiiiml  in  jyi  upright  poitlm1i@lb« 

gMt^  k»  «iEaim  kmwid,  iia«r  fAlliitg  ebl^lljr  tijr  ili wn 

tlie  wai«r,  msid  b^  fasl^eoi^d  down.     Tb«  Iowbt  g&te.  m 

lug  a*  •  4jun,  19  pt«|nfed  to  be  Mealed  at  a  laometil's  notice.  | 

1W  agpjloi  «e«d  iia  tJie  Sldbti&i  weir  ( Ag.  :h>>  are  an  imiicvd 

an  Ai^ftTT  <^iitiuy  fcirm  M  gate  found  in  mt>at  uf  tJu*  fimpM 

tildrr  4ilractjiti^i^     M  tlir  fit^d^  nt  toauy  rdd  i>iiniils  imtl  in  ieme^ 

«f  plankft  tir  flaalibcmrdft  l<jl  horixonlAlly  into  in^iva>i 
raw*!  or  luwMifd^  tme  at  a  tinier  until  a  snffirieat  nfii 
hn^v  tpevn  rRmiti^  or  Inmalafwd  lo  regnlat^j  the  dis<;tiarg«  of  # 
Hfee  MBidla  is  fnmed  tiFf  maeclim  ihme  plaukn  vi^ni^IlT  M 
timber  paSAm  or  atotuMiitii  laid  boriaafitany  bc^i  w^m  Uu^  pkif 
wai«'r  beting  tv^fr^laird  bj  ilit^  r^nioFni  of  hsu  many  ik»$  nidv  Im^  dil 
Tlia  o««U^  cMnployod  on  tbe  SidbnaJ  weir  ana  made  of  bard  wd 
«oeb  nitfc<  ^  ^^  ^  Maa^liM«d  by  a  alroog  maii^  wch  nmAht 
inir  not  orer  4^  pounds  TH<»y  are  7^  feet  by  5  tnebe!)  by  31  ina 
siie,  with  ^  ^i-'i'  h.iuiT'    '  '   -■  -■'-  '■  :  „  -  ':;";_  ;      .  ^::.  ^ 

The  most  difficult  problem  when  these  needles  are  in  position 
make  I  he  ^lam  waier-tiirht.  Several  methods  were  at  first  prop 
GrixniHi  luHniles  wen^  found  to  be  unnecessary;  ordinary  need 
the  interstiees  Knween  them  were  filled  with  wood  shaving! 
ehopjxHl  straw,  were  found  to  l>e  readily  made  water-tight.  Aft 
niHHlles  ari»  i>huvd  in  jMsition  they  are  forced  together  by  being d 
horizontally  with  a  en>wbar,  and  a  basket  filled  with  shavings 
is  slipjHHl  down  in  front  of  the  leak  to  be  eloseil,  the  calking  ms 
being  drawn  ]\v  the  eiirnMit  into  the  oj>enings. 

CANAL  REGULATORS. 

A  set  of  regulating  gates  is  always  const ruetCKl  at  the  hea<i 
canal.  They  must  afford  sufheient  way  to  admit  all  the  waterthe 
is  estimatiMl  to  carry,  and  by  them  the  amount  admitle<l  canb 
trolled.  Like  the  scouring  sluices,  these  regulatoi-s  consist  of  a 
groijved  piei>i  resting  <ni  a  foundation  carried  across  the  canal b 

The  water  inay  W  controlled  by  a  set  of  planks  or  neeillesw 
b}'  hand  in  grooves,  or,  iis  is  more  usual,  by  drop  gates  raiseilaii< 
ered  by  a  winch  from  above.  When  not  under  t<x>  great  a  head 
opening  is  closed  by  a  single  gate  raised  by  a  hand  windlass  or^ 

i  canal  prtjject:  Sek-ctionsof  RooordsDf  tlm  GovJTnment  of  India,  Xo.  f*\OkTXi 
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me  cases,  under  considerable  pressure,  a  double  series  of  gates, 
k'bove  the  other,  is  used,  or  else  valve  gates  are  employed,  which 
worked  by  hand  levers  and  screws  from  above.  It  is  customary 
xinect  the  piers  of  the  regulator  by  arches,  so  as  to  form  a  bridge 
us  the  canal,  at  the  same  time  affording  a  convenient  platform 

which  to  operate  the  gates.  The  bed  and  banks  of  the  canal  at 
Lead  are  protected  by  masonry,  so  as  to  be  safe  from  erosion  when 
rates  are  opened. 

locating  the  position  of  tlie  regulating  sluict^s,  the  i)rineipal 
5t  is  to  bring  the  water  in  the  river  through  the  scouring  sluices 
.ch  a  way  that  it  shall  pass  directly  in  front  of  the  regulator,  pre- 
Lng  the  deposit  of  silt  at  its  head.  Tliis  must  be  so  established 
"the  canal  will  receive  the  desin^l  volume  of  water  with  the  least 
lity  of  receiving  th*^  heavy  silt  through  the  regulator  or  to  dam- 
from  matter  ^carried  by  floods.  Where  this  relation  between 
ring  sluices  and  regulators  is  such  that  the  least  eddy  or  <iuiet 
T  exists  between  the  two,  there  is  certain  to  ]>e  a  deposit  of  silt, 
h  is  an  element  of  danger  and  must  l)e  removed.     .Vt  the  head  of 
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OLD  M£THOO  Ofit  THE  JUMNA  iMfffOVCO  METHOD  ON  THE  OANOES 

Fio.  21.— Becralatizifc  gate8,  Gangres  and  Jumna  canaK 

Ganges  canal  the  location  of  the  regulating  gates  is  such  that 
nf  deposits  of  silt  are  formed.  At  the  head  of  the  Soane  canal 
Cace  of  the  regulator  is  set  back  30  feet  from  the  abutment  of  the 
ring  sluices,  and  here  also  is  a  heavy  deposit  of  silt.  At  the  Bari 
b  head-works  the  regulating  sluices  are  close  to  the  scouring 
ses  and  the  current  is  so  strong  that  small  l)owlders  and  gravel  are 
ied  through  into  the  canal.  The  head-works  of  the  Agra  canal 
Bxeellently  l(X*ated,  and  the  rivcu-  channel  and  canal  line  <are  so 
rly  at  right  angles  to  each  other  that  ai)parently  no  silting  takes 
le.  At  the  head-works  of  the  Lower  (iang<»s  canal  little  or  no  sill- 
occurs,  owing  to  the  excellent  rclativi^  location  of  the  various 
ceways. 

t  Myapur,  the  head  of  the  (ranges  canal,  the  regulating  bridge*  has 
>ays  or  openings,  each  20  feet  wide  and  !♦)  feet  high,  fitted  with 
MS  and  apparatus  for  opening  and  closing.  The  breadt  h  of  the  base 
datform  on  which  tlu^  }>iers  rest  is  4S  feet,  (\\clusive  of  ^he  ent- 
ers, which  project  upstream  4  feet.  The  roadway  on  top  of  the 
Ige  is  37  feet  9  inches  wide  between  the  rear  para])et  and  tlie  row 
^dlasses  on  the  upstream  front.    The  shutter  for  closing  the  regu-^ 


,  ^m  lluiS  u#>h]  lilt  the  Jotiiiui  oil 
with  lh«5  miHieni  iitid  it!i| 
i0etbiMl»**flilii9^  tin  lftSi^«oaditnielJaiis.  Tlic*  iiecsoiiifHuiying  it 
(fif .  f II  lodlaitoliM MBllMKi  of  Amiiiinttif  tbc  rf«|nUiiiar9  oEt  ih«t; 
iiji«]  tm  tW  GaagQft  cwmU.  Oa  ihr  Juiniui  enRal  a  refiihl 
dn>p  j^^  an-  plaewl  la  »  ^iinplif  f^rtMiver  iiii4  «teepefH  'if  ecad 
mehft^  «i|uiijij  juf^  tlni|ipf<>«l  in  llt»*  itift  tif  the  gale.  This  ha^  i 
aeU*<l  c-mHtrntly,  bat  titsr  aaiI  imlmr  an*  i^uiivd  in  i1f«  iiuuiip!! 
On  llie  Jiuniyi  cfttiaJsi  ttiafre*  is  im  gr^^l  ^Mltim^^  i>f  wntt^rltiif 
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fitli,  iHir  i»  tlusnj  tm  lHr^\'  tt  nunibt  i-  ^^t    hays  iijs  on  thi-  Gauge 

jfche  bitU^r^  a»  »howTi  by  the  nhistration,  the  bay  is  divid 

^SCirir^K  of  guteei,  th*f  mo^t  fkdvniiroil  mie  having  its  sill  at  t 

K'tinal  iK^dj  and  tw<>  hi^^her  seri^^s  orgal**s,  ^nvh  having  tl 

,  0  (iM^tRrid  riHrogradin;^  towanl  ihi*  fatn*  i^f  thi*  brid^t*. 

ittMl  liy  !tt?parat<!i  wincUasst's  awv  i-aeli,     'Vhv  two  luw 

ItiS  iiitleiiend**nt  of  eacli  iitJh-r,  thi^  third  or  iipiH*r  l»a 

f  liy  Ml  m  |*h>  nleo jn * rM .     T he  n i ar h  i  n  t ^  r y  a 1 1  a cl led  1  o  i\wm 

Ki  clianu^t^r  and  n^ailily  ini<li4*?*fiHH!   by  the  vqi\ 

not  liable  tu  disarrnngriiieut. 
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om  the  plan  of  the  i*elative  locations  of  sluico-liead  (fig.  23) 
regulating  bridge  it  will  be  seen  that  the  triangle  in  front  of  the 
r  affords  an  immense  backwater  or  eddy  in  which  dei)osits  of  silt 
t  necessarily  take  place.  Designs  have  recently  been  submitted 
•  new  regulating  bridge  which  shall  be  a  skew  arch,  the  front  face 
ntrance  to  the  regulators  being  parallel  to  the  channel  of  the 
5es  and  at  right  angles  to  the  scouring  sluices,  the  rear  sid(?  being 
pht  angles  to  the  channel  of  the  canal. 

"1  interesting  and  unique  set  of  regulating  gates,  because*  of  the 
t  i>ressure  under  which  they  are  worked,  are  those  at  tlie  head  of 
L^twa  canal  (fig.  49,  p.  177),  and  attention  is  called  to  them  in  this 
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Pro.  38.— H<'«(l-wnrks,  (lun^i'S  cauiil. 


^,  though  they  will  be  more  fully  descrilwMl  latcM-  on.  The  n'gu- 
fH  at  the  head  of  the  Soane  canal  arc  placed  at  li^bt  angles  to  tlu^ 
Iring sluices,  though  th<»yar<»  set  hack  a  short  distance  from  the  line 
he  curtain  wall  leading  to  the  scouring  sluices.  Tlu'  floor  of  these 
llators  is  about  3  feet  above  that  of  tlu^  scouring  shiiccs.  Tlie 
►onry  work  in  connection  with  the  hea<l-works  of  this  canal  is  wcW 
Strucfed,  but  perhaps  too  elaborate.  These  regulatin.ir  sluices  are 
gned  to  discharge  4,500  secon<l-f(M»t  with  a  head  of  only  4  inches 
a  depth  of  9  feet  of  water.  They  consist  of  l*4  openings,  each  <J 
wide,  and  separat(»d  by  the  solid  piers  which  supjjort  thi^  bridge 
ve.     There  are  two  shutters  constructed  of  wood,  opening  verti- 
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of  wflL**-  i  uruiin  walls  fiimided  tm  wells  ai^  tarried  iilon^  %h* 
of  tlie  fir**r  auf!  i3sitijil  fur  a  ^ort  dblanee.  The  Sooring  of  li 
tatcirR  jji  wf  II  |iMV>d  with  i-^nt^^tJititml  ina^gioiirv  tr^m  3  to  5  fee 
Aiiil  a  niOKli  lijtisD-siont-  pi^vr^ment  is  carried  for  some  iliiitai 
th*'  ri%'f*r  aUjvtf  the  r^guL^t-*!^  and  1<X»  feet  b^low  them,  the  I 
ihf  ranal  Wln|r  nf*\  etteil  for  same  ilii^tAoee  farther.  The  wid1 
eaital  hesij  is  it  Ijftl**  g^n^ater  ihan  thai  of  the  eatial.  eaiw 
vehx'ity  fur  a  .%hMrt  distatH?t'  to  be  *!iminisbe<l,  in  eonscHjnence  < 
the  tnajorif  y  **f  the  :<ifi  in  depoeiSleil  at  thif*  one  plaee,  where  i 
most  c-onv^nitntly  nnun  e<l.  Thr  total  width  of  the  re^lato 
head  i.s  l^^lM  f *-*'{.  Tliere  are  ><»  Ijays,  each  7  feet  wide,  separ 
substantial  masonry  i)iers  2*>4  feet  lonj.^  by  :?4^  feet  wide.  T 
dosing  the  ent ranee  to  the  canal  head  ai*e  of  iron  and  slide  ve 
They  are  each  ]]  f^^t  hi^^h,  are  raisi-d  by  a  winch  travelin.i^ 
bridge  overhead,  and  are  cIommI  ]»y  their  own  weight.  In  the 
the  npstn*am  sid<»  of  these  gat«*s  are  grooves  in  which  planks 
insert^^I  in  order  to  reduce  the  head  on  the  gates  when  oi 
them. 
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le  i-egulator  at  the  heacl  of  the  Sidhnai  canal  (»onsists  of  four  00° 
es  of  22.5  feet  span,  with  jack  piers  2.5  fei^t  thick  in  the  center, 
!fh  divide  the  waterway  into  eight  spans  of  10  feet  each.     The  arches 
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Y\i\.  25.  -  S<>aiu»  canul,  autoinuti«-  sluice  v.x\.U^. 


11^  from  0  f(»et  a])<)ve  the  floor.     Tlie  tlooi*  is  1  foot  abovc^  th<'  crest 
lie  weir,  and  as  th*^  needles  on  th(^  top  of  the  latter  an*  desijjrned  to 
I  up  7^  feet  of  wat(^r,  ^\  feet  can  be  forced  into  the  canal.     There 
IRR  87—08 D  ^^ 
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18  nothing  novel  in  tTii^  r<^gulator,  the  gates  being  niatle  of  wckk!  bound 
wi til  i roil  an d  slid i ng  in  *^as t- i roii  groo v es ,  T h e  li f I: i ii ^  ap pjira t u,^  b* a 
traveling  wint*h  working  on  rails  on  thc^  tup  of  tbo  pan*i>et  of  Uie 
brid|^,  so  placed  that  tbe  drum  of  the  cmb  wmeh  is  i^jitmUy  lociil«d 
over  the  gat«  in  be  lifted.  There  is  an  npstre^m  Bet  of  gnmve^  in  tb 
pierB  into  which  planks  ean  Ix*  iniiertied  t-o  relit>\'e  th4>  gat^e  from  pres- 
sure shoald  it  jam.  Planks  are  gfinerally  used  for  re|?uLating  \bt 
supply  in  the  eanal,  the  gat^es  being  intended  for  iise  only  when  it  is 
neoe^^ary  to  close  the  regulator  qniekly. 
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ells*  and  blocks^  may  he  considered  sm  one  and  thu  same  form  of 
const  ruction,  though  perhap.s  blocks  are  more  properly  rectanpilar 
wells  having  one  ur  more  well  holcH  in  tlicni,  while  woUh  proper  are 
circular  in  plan  with  a  Hingle  central  o|>cntng.  They  are  in  reality 
brick  calftBons  front  6  to  30  feet  in  diameter,  the  waUK  varying  in  thick- 
ness from  'J  in  4  fe<4.  and  ef  any  reriuirc^d  height.  Blocks  are  rectaD- 
gular  brick  caissoiLi,  pt^rhaprt  il  by  It*  or  V2  feet,  with  5 -foot  or  Moot 
wallsi  and  subdivided  into  two  or  even  four  vertical  passages  or  well 
holes.  For  the  piers  of  the  SoUun  aqueduct  the  bloi'ks  »r©  20  ft*n 
sqiiare  and  divided  into  four  well  hole!^.  At  the  head  of  the  A^ 
t^Wial  they  are  rectangular,  13^  by  9  feet,  and  contain  two  well  holc«t 
0aeh  4  by  3  feet.  At  the  head  of  the  Lower  Ganges  canal  they  are 
round,  12  feot  in  diameter,  with  wuIIm  l*  feet  thick. 

In  sinking  wells  the  wnter  in  the  part  of  the  river  to  be  operated 
upon  is  usually  temporarily  dammed  and  the  earth  removed  until  the 
watrer  sui'face  is  again  re^tched.  Curbing  of  bamboo  of  the  size  of  the 
well  i  !f*  tl  t  c  n  I  a  i  d ,  a  nd  o  n  th  i  w  t  h  e  we  1 1  is  b  u  i  It  u  p.  1 1  is  c  oin  in  *  *  n  ced  by 
placing  on  its  lower  edge  a  cutting  surface  of  wood  or  iron,  we^l^'e 
shaped  J  with  the  cut  ting  point  downward.  Into  the  t^p  nf  this  the 
masonry  work  is  built.  As  the  building  continues  the  sand  and  gravel 
are  i^moved  from  within  by  liand  or  by  dredge,  and  the  well  sinks  hr 
its  own  weight.  Much  difficulty  is  frequently  encountci-ed  in  sinking 
these  wells,  owing  to  their  uneven  subsidence  or  on  account  of  mt*et- 
iug  layers  of  earth  of  diffen.'nt  character,  which  mn.st  be  remuved  or 
the  weU  so  loaded  as  to  cauHC  it  to  sink  vertically.  When  the  well  or 
bhK*k  ia  sunk  to  the  required  depth  it  is  usually  filled  with  eoncreir, 
and  thus  liecomes  a  solid  pillar.  The  spaces  betw^ecn  the  walls  are 
then  protected  by  Hhcet  piling,  and  after  the  removal  of  thc^  sand  eou- 
Crete  is  placed  between  them,  thus  forming  a  continuous  wall.  Thiti 
mctliod  is  simple  and  not  costly.  It  is  particularly  cfTeetive  in  deep 
sand  or  in  quicksand,  and  may  be  carried  on  by  workmen  with  little 
risk  of  danger. 

The  deptlis  to  which  wells  are  sunk  differ  gi'eatly.  In  the  case  of 
the  head-works  of  the  Agra  canal  no  wells  whatever  were  made  under 
the  weir,  as  it  rested  directly  on  the  sand.     At  the  head  of  the  Soane 
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»1  the  wells  are  sunk  about  10  feet  below  the  base  of  the  weir;  and 
•^arora,  at  the  head  of  the  Lower  Ganges  canal,  they  were  sunk  20 
>.  Wells  are  built  either  in  single  or  double  rows,  the  distance 
^reen  these  varying  according  to  the  dimensions  of  the  wells  them- 
^es.  They  have  in  some  cases  been  connected  by  brick  masonry 
bes,  and  the  interspace  below  the  arch  filled  with  solid  brick.  This 
I  done  in  jwrtions  of  the  head-works  of  the  Lower  Ganges  canal, 
'lie  most  striking  case  of  the  construction  of  wells  as  a  foundation 
A  masonry  superstructure  is  that  of  the  wells  for  the  sui)port  of 

Nadrai  aqueduct  on  the  Lower  Ganges  canal  over  the  Kali  Nadi 
•rent.  The  whole  structure  of  the  aqueduct,  including  river  and 
.«1  wing  walls,  is  founded  on  wells,  the  cutting  edges  ^f  whit^i  are 
lIc  51^  feet  below  the  level  of  the  Kali  Xadi  Torrent  at  that  i)oiiit, 

average  depth  of  the  wells  being  56  feet.  The  wells  are  of  three 
is,  iM^iug  20  feet  in  diameter  for  the  picsrs  and  canal  land  wings,  13 
t  in  diameter  for  the  river  piers,  and  12  feet  for  the  al)utments. 
ere  are  102  wells  20  feet  in  diameter,  44  wells  13  feet  in  diameter, 
I  122  wells  12  feet  in  diameter,  or  a  total  of  2()8  wells  on  this  work. 
e  total  linear  depth  of  well  sinking  amounted  to  15,008  feet.  Accom- 
:iying  are  given  illustrations  showing  some  of  tlie  detjiils  of  these 
Us  (PI.  XIV). 

The  well  curbs  were  generally  constructed  of  wood,  with  wrought- 
n  bolts  H  inches  in  diameter  projecting  from  them  and  built  up 
o  the  brickwork.  In  the  12-  and  13-foot  wells  only  one  dredger  was 
•rked  at  a  time,  and  the  average  rate  of  sinking  was  1  foot  per  day. 
the  20-foot  wells  three  or  four  di-edgers  could  be  used  at  once,  and 
th  this  number  the  rate  of  sinking  amounted  to  IJ  feet  per  day. 
lilding  and  sinking  went  on  alternately  in  the  construction,  the 
ickwork  being  carried  uj)  in  lengths  of  about  8  feet,  as  the  wells 
ik  that  much.  When  25  feet  had  been  sunk  the  brickwork  was 
rried  up  the  full  height,  47^  feet  above  the  cutting  edge,  and  the 
iking  continued  until  clay  was  reached.  On  a  well  showing  even 
3  slightest  signs  of  going  out  of  the  i)erpendicular  dredges  wore 
rked  on  the  oi)i)osite  side  from  that  t^)  which  the  well  inclined.  In 
breme  cases  a  '*  jhani"  was  worked  from  a  windlass  on  toj),  which 
rred  up  the  silt  in  the  sump  h^ss  than  did  the  dn^lger  and  allowed 
leeper  hole  to  l^i  made  on  ou(»  sid(\  Only  two  or  tliroe  of  the  20- 
)t  wells  were  1  in  40,  and  tlie  majority  less  tlian  1  in  loO  out  of 
rjiendicular  when  the  under  dredging  was  st()i)pe<l.  In  the  lines  of 
?  abutments,  where  the  12-foot  double  rows  of  wc^lls  wimh?  only  2  foet 
art,  there  was  a  decided  tendency  for  eac^li  pair  of  wells  to  lean  toward 
3h  other  and  for  the  curbs  to  separate.  In  some  eases  when*  the 
Us  got  out  of  perixMidieular  or  faikMl  to  sink  in  tlie  hard  elay,  it 
came  necessary  to  load  them  with  railway  iron  or  a  tc^mporary 
perstructure  of  brick.  To  test  their  resistance  against  subsidence 
ne  of  the  less  satisfactory  wells,  after  they  had  been  hearted  with 
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c^mtTftt4^5  w<*ro  loa<li*d  vriih  a  p^r^at  t**mp<*raTy  sii]>ei^trnctiir«^  *if  bm*b, 
whM*}i  iu  llu*  t^astf?  <jf  iuio  wt^U  w(^lgluKl  1,4.51  t^im  (T*l.  XIV).  The 
ti*hil  Muhnhl^^THM*  Ariioiinti^l  to  Inii  1  {  Inch**?**  Aftor  tin*  wi.*!!  tisd  gnuf 
IhiHiiigh  lht>  hhi*?  **!Hy  au«l  whili*  driMlgitig  in  tinj  hruwii  naiicj  waa  ii 
pn»pvrt8,  inljlnws  of  iImi  liim:  aatvl  abi>v«»  the  cla^^  werc^  of  frwiof-ul 
tnreu  iTt' !  it-c ,  T lit^ai^  won*  j^ofitiraS  ly  ca  uhihI  by  th©  <ired j^o  r  !«*i  iijc  wi vrk«4 
awkwardly.  Sotin^timc^s  tht?  inlilows  were  so  rapid  hh  lu  Imrr  tb 
tln^rlger  Ik* fore  it  rnuhl  1h^  llftr*d,  anil  at  ntlior  linH*^  thi'V  w^it 
exirt^tin^ly  gradual.  Tlu*m*  hiblowH  fmtjUi'uMy  cantsixl  the  well  to 
Indlrio  from  Uio  vc*H.ic*al.  Wlieu  it  was  found  that  imme  of  the  l^ 
foot  wi'llrt  in<diiii.»il  friJin  th<^  vorMrnl,  nilvHnUi^f.*  wna  taki^u  of 
iiuikij  ilu*in  iriLditio,  h<j  tiiat  whi.^n  liiiuUy  loinU^d  with  tht*  nupei 
turn  and  arch  thoy  would  be  in  the  hmi  pomiton  to  r©e**Ive  th^  wtA 
tJirust. 

Mr,  Boi'esfoi'd,  tbeRU[x^riiit-ondiiigpn^inwr,  in  a  note  on  "  Frictionil 
rf*si8taij«^<*  to  Hinkiiigiluo  to  Iftteral  pms^un^  of  t^arthon  the  sides  of  i 
woilj**  '*  ftliOWK  tbnt  Iht*  pn*j<^nrti  P-v  oxt*rt*Hl  l)y  i^tti-lb  against  a  verticil 
piano  pi^r  uuit  of  tha  bn*adth  is 

wlit^rt'i  W=thf?  weight  of  earth  per  eiibic  foot,  .r=£rlhp  depth  the 
plain !»  lis  811  nk  bo  low  the  aurfaee  of  the  i^ailb,  aacl  0=the  aiigli?  *ji 
repose  of  earth.  The  valtiert  found  practially  a^reo  verj-  closely  witi 
thuwedtM^  ved  frojii  this  ft>rmula.    From  houlo  euiuputat  ioii^  it  was*  found 

libH 

that  the  vnliu^  i^f  Vy^  \   x^^s^^xnjCJx '>:i=:i,4Dn,j^78  puumls--l,50f 

tons,  takiM^'  \V=10ii  ^K>un^l^;  ()— :sn  mul  the  (Mi^flieient  of  friction  of 
tl  1  e  m HS( I n  r y  on  m ( ^i s I  l^ lay  an  g i  ve a  I  jy  14 n n  k i nt^ = 0 .  ^ ^ .  T 1  le  re  f ai\*  the 
frietioii  F=l,,jnL>xn,:{;i— riLTtoriH, 

ESCAPES. 

In  i*rclt*r  to  estublisli  a  eomplt^te  *u>ti(  rol  ovor  tlie  water  in  a  eanal 
eliftnuel,  [jinvirtioii  is  made  fi*!' disposing:  rif  nny  i."Xe*'ss  m  hiidi  nmyru'is* 
from  suddi-n  rains  nr  llofxls,  *>r  from  watrr  not  bein^  requiretl  forirri- 

j;aiioli.        i  lii^    J>    cili-i^t  I'd    l^V   iiM';iii>  i)i    r^^^^•l[>l•^  ur  slli»rt   I'llts  froill    {h\^ 

eaiial  to  the  I'iver  oj-  oilier  natural  waterway  into  which  the  exeess  of 
tlie  walei'  can  he  diseliar.ii:e(l.  Tliese  esea[)es  perfoi'in  thi^  additional 
ser\'iee,  in  tlieeasiM)!'  streams  eaiTvinLC  mueli  sediment  in  suspension, 
of  (Inshini^^  the  canal,  thus  preventini;  or  nMnovin*^  (excessive  silt 
dei)osits.  (  olonel  Cant  ley,  in  speakini;  of  escapes  and  their  empiu}- 
ment  on  the  lines  of  distributaries,  says: 

In  times  of  Hood,  oiK'niii^  the  heads  of  the  distributaries  relieves  the  main 
canals,  and  the  former  are  in  turn  relieved  hy  the  I'scapes.  Hence  the  distrilm- 
tary  hea<ls  hecome  the  safety  valves,  and  the  escajies  the  waste  pipes  of  tlie  eutire 
canal  svstem. 


n  Gordon,  W.  B.,  Xotos  on  Well  Sinking,  Xmlnii  Afiuodiut,  Piil>lkr  Works  Department.  Xorth- 
38t  Provinct*s,  India,  p.  L'lJ. 
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Escapes  are  provided  at  certain  iiit^>rvalsal()iij^  the  entire  <'anal  line, 
and  a  double  set  of  regulators  are  made  at  tli(^  point  where  tlie  escape 
is  taken  off,  as  in  the  ease  of  a  branch  canal  or  distril)utary.  On  the 
Ganges  canal  they  are  projected  at  every  40  miles,  tliou^h  mucli 
depends  on  the  convenience  with  which  they  can  be  mad(?  and  lh(»  prox- 
imity of  the  canal  to  some  water  course  into  which  the  escrape  water 
can  be  conducted.  Tliey  are  also  provided  if  possible  at  ilan»j^(»rous 
points,  as  al>ove  or  along  lines  of  heavy  embankment  where,  in  case 
of  the  bursting  of  the  bank,  much  damag(^  would  ensue.  The  first  main 
eseai>e  is  always  constructed  at  a  dislan(M»  of  half  a  mile  or  h^ss  b<'low 
the  canal  head,  and  when  it  becomes  desirable  to  scour  out  th(^  silt 
accumulated  between  the  head  and  the  escape  tli(»  latt<»r  is  opened  and 
a  large  volume  of  water  admitted  to th(»  canal.  This  runs  ofT  through 
the  escape  carrying  the  silt  with  it.  It  is  usual  in  such  cases  to  decrease^ 
tbe  slope  of  the  canal  for  a  short  distance  Inflow  its  lujad  U)  cause  the 
dejxisit  of  matter  carri<Kl  in  suspension  betwiMMi  that  point,  and  the 
escape. 

Tbe  escape  cut  must  ])e  suflliciently  large  and  havi^  enough  fall  U) 
carry  off  the  whole  body  of  water  which  can  reach  it,  so  that  if  neces- 
sary the  canal  below  the  es(*ape  may  be  l(»ft  thy  for  repaii's  without 
stopping  its  running  above.  Tln^  complete  control  of  the  canal  waters 
by  double  escapes  consists  of  the  construction  of  a  regulator  at  the 
head  of  the  escape,  and  another  one  across  the  canal  channel  imme- 
diately l>elow  the  escape.  These  escape  heads  are  similar  to  tlie  regu- 
lating bridges  previously  described  and  to  the  various  regulators  con- 
structed at  the  heads  of  distributaries.  Wlien  a  heavy  rain  occurs  on 
the  line  of  a  canal  the  irrigators  cease  to  use*  tlu)  canal  water,  and  as 
the  flow  can  not  be  immediately  stopped  at  tlu*  head-works,  great  dam- 
age would  be  done  by  the  surplus  water  but  for  the  escapes,  wliich  act 
as  though  the  head  regulator  of  the  canal  had  been  brouglit  so  much 
nearer  the  point  of  application. 

The  Khutowli  escape  hea<l  on  the  (Tangc^s  canal  is  an  intc^n^sting 
example.  It  is  at  the  sixty-se(!ond  mile  and  consists  of  a  channel  ex(?a- 
vated  00  feet  wide  and  li.V  miles  long.  The  masoni-y  head  consists  of 
ten  openings,  each  0  feet  wide,  the  height  from  the*  flooring  to  the 
soffit  of  the  arch  being  S.|  feet.  Tln^  flooring  is  HI:  f(M't  wide,  to  feet 
of  which  forms  the  tail,  and  is  laid  on  a  slope  of  J  foot  from  the  level 
of  tbe  canal  bc^l.  The  banks  of  the  works  are  ])rotected  by  masonry 
revetments  and  guards  of  piling  and  rubble  which  protect  the  floor 
from  the  wear  and  tear  of  tlie  current. 

Colonel  Cautley  made  the  following  rules  to  control  i\w  location 
and  regulation  of  escapes  on  tlu'  Ganges  canal : 

With  reference  to  position,  the  distaiKM'  l)etw«'on  the  escapes  is  limited  to  41) 
miles,  considering  that  by  adapting  tlieir  (•ai)acity  to  th«'  volume  of  wat«'r  contained 
in  this  length  of  canal  the  facilities  for  regulation  are  ample.  In  the  sandy  tracts 
of  the  canal  the  nnm])er  of  the  escai>cs  is  multiplied  rather  than  having  their  water- 
way increased.    The  sites  of  all  escapes  are  fixed  in  such  a  position  that  tha  . 


,134 


IRRIGATION    IN    INDIA. 


water  may  be  ptnnged  into  the  hmi  of  tlie  recf^iviri^  chaimt^l  and  Umt  the  higti- 
water  mark  nt  the  latttir  jiludl  nevi^r  intexferci  with  thf  fr<?e  di^^liargic*  of  tb*  caniL 
The  i^(*uapci  clijiuui'l  ^\ttilL  wlien  perfect»?d*  have*  iti  addition  fo  the  inili^  iJcpe 
t)f  12  inc'hyft  rrt>ij)  the  Iwd  f  jf  the  main  chftisof*!  whicJi  i»  ^ireti  to  tht*  tai]  tif  tir 
.  c<efi«ipe  hciadj  a  sU^pe  i>f  hm\  ef]ija1  to  1  k  fi't+t  per  luile, 

!  FALLS  AND  RAPIDS.  ^ 

As  tliu  iiiitural  fall  of  the  cuuntry  lhrt>iigh  which  h  canal  runs  is 
usually  ^rcatt^r  ttimi  the  slope  of  the  CAiial,  it  Iiecouiefti  iiecessf^ir  to 
comiMmsato  f<ir  this  difference  of  siojio.  This  is  ilonc  by  eoureiUral* 
;  it  at  a  few  points  where  verticaJ  falls  or  rapids  are  Jntnxiufed 
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The  loentioii  of  these  is  iisiially  fixed  by  the  phice  where  the  eaiial 
beeonies  loo  high  above  the  surface  of  the  ground,  wliile  their  exact 
position  is  made  to  eoineide  if  possible  with  that  of  a  bridg:o  or  similar 
work  in  onhM-  to  economize  masonry  construction. 

Ogee  falls  were  first  adopted  on  the  Ganges  canal  and  are  of  the 
sliape  shown  in  the  accompanying  figure,  the  intention  being  to  break 
the  for(H^  of  the  fall  of  the  water.  They  were  about  8  feet  high,  hut 
the  shock  of  the  fall  proved  so  great  that  they  have  been  modified  to 
giv^e  two  vertical  falls,  the  lower  of  which  drops  into  a  water  cushiou. 
On  the  Ganges  canal  were  a  number  of  ogee  falls  (fig.  26,  ^1)15  feet  high. 
These  have  been  so  remodeled  as  to  give  an  upper  fall  of  5  feet,  then 
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iort<  level  bench  of  10  feet,  and  a  vertical  drop  of  10  feet,  ending 
a  shallow  water  cushion  (PL  XV).  These  falls  have  a  solid 
Hoiiry  floor  4  feet  thick.  On  some  falls  the  action  of  the  water  is 
veiled  by  making  it  play  over  a  wooden  grating.  This  reduces  the 
»ck  by  dividing  the  stream  into  a  number  of  fine  threads.  Falls 
invariably  constructed  of  substantial  masonry  laid  on  a  deep  and 
n  foundation.  The  banks  are  prot^ected  by  masonry  and  pa^ing. 
e  latter  is  carried  for  some  distance  below  the  fall  both  in  the  beil 
1  on  the  sides,  and  tlie  flooring  terminates  in  a  row  of  sheet  piling, 
broad  canals  like  the  Ganges  the  fall  is  generally  divided  into  eom- 
'tnients  by  longitudinal  diWding  walls,  so  that  when  repairs  are 
jessary  one  portion  may  be  laid  bai'e  at  a  time.  On  the  Gauges 
lal  most  of  the  falls  are  constructed  at  points  where  bridges  would 
necessary,  and  to  the  lower  side  of  the  bridge  the  fall  is  attached. 
low  this  the  channel  of  the  canal  is  widened  out,  the  flooring  and 
as  to  the  extremity  of  the  cistern  in  which  the  fall  terminates  being 
^fuUy  and  securely  paved  and  revetted. 

Experience  seems  to  show  that  vertical  falls  with  gratings,  as  used 
the  Bari  Doab  canal,  and  terminating  in  water  cushions,  art^  tlie 
t  that  have  been  devised  (fig.  28).  The  grating  consists  of  a  num- 
of  wooden  bars,  resting  on  an  iron  shoe  built  into  the  crest  of  the 
,  and  on  one  or  more  crossbeams,  according  to  the  length  of  the  bars. 
ise  bars  are  laid  at  a  slope  of  1  on  3,  and  are  of  such  a  length  that 
full  supply  water  level  in  the  canal  is  half  a  foot  below  their  upper 
s.  The  dimensions  of  the  bars  used  where  the  depth  of  the  water 
i  feet  are  as  follows:  Lower  end  one-half  inch  broad  by  three- 
rths  of  an  inch  deep;  upper  end  one-fourth  inch  by  three-foui-ths 
1  deep.  They  are  supported  on  beams  1  foot  broad  by  1  foot  deep, 
first  these  beams  were  6  inches  apart,  but  it  has  since  been  found 
t  to  increase  this  distance  a  trifie,  and  now  18  bars  are  placed  in  a 
oot  bay.  The  bars  are  undercut  from  the  points  where  they  leave 
shoe  at  the  crest  of  the  falls  in  such  a  manner  as  to  make  each 
ce  an  orifice  in  a  thin  plate. 

he  effect  of  a  fall  at  the  end  of  a  canal  reach  is  to  increase  tlio 
Kjity  and  to  diminish  the  depth  for  some  distance  above  the  fall, 
s  increase  of  velocity  produces  a  dangerous  scouring  on  the  ))ed 
.  banks  of  the  canal,  and  is  guarded  against  by  heading  the  water 
at  the  crest  of  the  fall  by  means  of  sleepers  dropped  in  gnK)v<»s  of 
piers,  thus  increasing  tlie  lieight  of  the  fall.  The  narrowing  of 
canal  banks  at  the  fall  produces  the  same  effect.  The  better 
ihod,  however,  is  to  raise  the  crest  of  the  fall  by  a  masonry  weir, 
.  the  height  necessary  to  raise  it  is  found  by  the  following  calcula- 
i,  given  by  Colonel  Dyas: 

n=(?5«,f'-')*_,25.8«2^ 

vhich  H  is  equal  to  the  height  of  the  water  above  the  crest  of  the 
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foUi  d  11^  oqual  to  thc^  »i>etional  area  of  the  Q|:»eu  ebannol;  fIiK[iiiil£the 
liydiinilk  menu  tieiiMi  uf  thp  sumc? ;  /  115  e<iiial  tu  tht^  lonj,'lli  of  crest  of 
,  tlio  f  11 1 i,  and  A  (H|uals  thu  h^ugtli  uf  slope  to  a  fall  of  one  in  ^nmc 
iWheii  prating  are  iisiid  these  m^t  instead  of  a  weir  in  eh*M5king  thr* 
v<*lo(»ity  of  the  water,  ?ind  the  luethotl  01  spaclnic  thttm  is  tiur-h  thaMbc 
velo(*ity  of  m*  oii«  thi-eitd  of  the  stream  wUall  h**  id t her  inen^as<?*Jor 
!  n^ la n  1  od  I vy  th e  i>rox i ni i t^^  of  1  h t*  fa  1 1 . 

I  On  f  ht^  Sonne  eanaU  when>  tht*re  aiv  many  locks,  th**  falls  an*iJ!iAriTr 
;  alway**  intriKliu^ed  ni  Ww  points  wht'^n*  the  looks  occur  (fig,  27).  Tkf 
main  line  is  carried  through  the  loekj*,  and  the  waste  woir  **t  linmeli 
.  chaiuiet  U  carriiHl  around  them,  and  in  it  the  surphis  water  <jrer  that 
which  \h  rtMiuipoil  for  tho  ope  ration  of  the  lock  is  eonduct-ed.  In  thi* 
branch  chaant^l  a  fall  niust  hiM-iaL^t  ructoL  In  one  case  noticed,  wheit 
thfsn^  wv^ro  tvvo  locktSj  with  a  total  lift  of  20  fer^t,  tlie  fall  %v:i.sconstrnd«d 
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Fkj.  27— S<«ino  canals,  Bengal;  arran^^ement  of  branches  and  escajw  at  Diinwar. 

in  three  l)ays.  The  channel  was  4:0  feet  wide  and  the  falls  were  built 
of  substantial  brick  masonry  termiiuit  ing  in  a  d€*ep  cusliion  below.  On 
the  Agra  canal  are  several  interesting  falls,  perhaps  the  most  elal)orate 
of  which  is  the  Kushuk  fall,  on  tln^  Bata  escape  (fig.  ')()).  This  is  a 
masonry  fall,  or  rather  two  falls  t(M'nunating  in  water  cushions,  the 
total  height  of  which  is  -7  feet,  'i'lie  total  length  of  the  masonry  work 
is  11)0  feet,  and  the  de|)th  of  the  concrete  flooring  is  3  feet,  ternunatiiig 
on  a  well,  on  which  the  toe  of  tln^  apnui  rests. 

Instead  of  falls,  i-apids  have  ])een  constructed  with  great  success  on 
the  Bari  Doab  canal  (fig.  l\S).  The  slope  of  the  rapid  is  paved  with  luos^^ 
bowlders,  confined  ])y  walls  of  masonry  built  at  intervals  of  40  feel 
longtudinally  across  the  stream.  From  experience  on  these  rapids  it 
has  been  found  that  dry  bowlder  or  rock  work  is  not  to  be  depended  on 
for  velocities  over  15  feet  per  second,  and  that  over  this  the  sloi)e  must 
be  modified  or  masonry  be  used.  On  tlie  l>ari  Doab  canal  rapids 
were  adopted  wherever  bowlders  ^vere  procurable  at  moderate  expense. 
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awldors  form  tlio  best  material  for  tln^  flooring  (»f  a  rapid.  Ihick- 
zz^  :Mrk  should  not  b<»  used  with  (Uirrents  of  hi^h  velocity,  as  ihr  l)(*sl 
— :m.'*k8  do  not  stand  the  w<»ar  and  tear  for  any  time,  e<n-tainly  jiot  for 
'  -«-"■  'vice  in  contact  with  vehieities  exe<MMlin^  !<>  fret  per  second.  Tlie 
::^  "^wrlders  wen*  generally  j?routed  in  a  pxxl  Ix'd  work  of  morlar  and 
■ZA.  .aill  pebldes  or  shingh*,  wliere  vcdocdtic^s  above  ir>  f(M»t  j^m-  second 
^^=^r»e  employed.  Tin?  tail  walls  on  th<\se  rapids  an;  of  peculiar  <'on- 
-^c*  "Miction,  for  th«'  pur[)osc  of  turninj^  back  the  eddies  and  of  prot<M't- 
^  g^T the  canal  banks  from  the  direct  action  of  the  water.  l>(\vond  a 
^^^~5^nt  where  th<»  lieaviest  action  (x'curs  and  where  the  ^r'^'atest  width 
^  .^^iven  th(;  tail-works,  the  banks  incline  towar*d  c^ach  otlnM*  s<>  as  to 
^-^^^eet  the  set  of  the  stream  to  tlu^  mitMle  of  the  canal,  '(lie  tail  walls 
•"*'*'^^  not  kept  to  their  full  hei^dit.  throughout,  ])ut  gradually  become 
^^^'^^er  and  lower,  till  they  disa])pear  ait()«::ether,  whei'r  tliey  rra<-h  the 
''^^■Xiie  level  as  the  bed  of  tlie  canal.  In  case  no  tail  woiks  an*  ^nven, 
■  ""^^  banks  are  face<l  with  bowlders  or  pilini^  for  a  len^jftli  of  perhaps 
*^^)feel  Iw.dow  the  rapid.  On  distributari<*s  and  their  branches  falls 
^'•^.d  rajiids  an»  n'sorted  to,  as  on  the  nuiin  canals,  dilYeriuir  only  in 
*^^  tails  of  design. 
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3n  canals  wh(n*e  the  divei'sion  line  is  carri«'d  aloii^  the  sides  of  hills 
^^i"  slopes,  fjreat difficult ies  are  sometimes  encountered  in  passing  the 
^ide  drainaj^e  which  en )sses  the  canal  lines.     ^Mueh  can  Ix*  done  by 
diverting  water  courses  or  construct itig  short  drainage  cuts  <'mi)tying 
^to  natural  drainage  lines.     When  tin*  drainage  can  not  1m»  diverted 
n  may  bo  passed  iji  one  i>f  s(»veral  ways.     If  the  stream  is  at  a  lower 
level  than  Xho  canal  the  latter  may  be  passed  ^>ver  it  in  an  a(iueduct, 
Which  in  most  cases  will  involves  the  construction  of  some  embank- 
ments l)c»fon^  tlie  stn»am  channel  propcM*  is  reache<l.      If  the  <*anal  and 
Stream  meet  at  the  same  lev(»l  the  latter  may  under  i'.\<*ei)tional  circum- 
stances be  p<»rmitted  to  (Miter  the*  canal.    This  will  nece>sitate  the  intro- 
duction of  ])n)per  regulating  works  below  the  canal  cnjssing,  aii<l   an 
escai)e  or  dam  on  the*  opposite  side  to  the  inlet.      In  lh<*  casr  of  very 
small  streams  entering  a  canal  at  level,  an  inld  only  is  n<'ci'>.sary,  the 
surplus  water  being  i)ass«Ml   olf  through   ihr   first  rsca])«*  in  tln'  canal 
channel.     If  the  stream  cncounh-ird    is  at    a    lii.Lj:hei-  l«'\i-l  than  the 
canal  it  is  generally  <*an-ied  oNcr  1  h«'  lalhM-  in   an  a<iut'duct,  which   is 
calUMl  a  su[)(»rpassage.     In  ihr  casi'  of  norma viiiablc  <*anal>.  l<'s>  daij- 
orate  tlrainage  methods  than  tho.^r  (le^-rilMMJ   may  In-  miployrd,  and 
niodillcations  of  these  metlnxls  two  n^t'd.  as  wlnn  llir  canal  i-  carried 
under  tlie  stream  in   an   inverted  >i]>lion.  or  a  coni))iinMl  >iphon-a<[Ue- 
duct  has  been  <'onstructed. 

I>y  means  of  simple  dIvei->ion  (»f  ihe  cunrse  of  a  sir-earn  much 
exp^'use  may  be  saved.  An  insi  laiclivc  c\aniplc  ol' «r,\  ii^jon  j.  iliat 
of  the  C'huki  Torrent  on  llic  llai'i  Doab  canal.  At  the  time  iif  the 
coiislruetiou  of  the  canal  tlii>lon'r'nt  iia<l  two  outlets.     Just  above  the 
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cni«»iiig  of  the  tmnal  the  main  climmel  ilivided,  on**  cffiannel 
intn  th*/  Bellas  aud  the  other  intfl  the  Havi  River.  The  !alt4 
ombankod  r*lo4M3  tn  tho  birifnuititiii  by  iM^wliler  dniiiK  iiud  j^fiai 
tiM'ted  by  iiKU(onry  n^vi.*tiiH^jitw.  My  thin  jiit^Him  tho  whole  of  tli! 
wai*  forc*Mi  to  flr>w  inlo  Ih^vfk'a?^,  iiTid  tbt*  cxpenne  of  thewu 
in|j  tlift  **anal  wa**  ^iTod,  Another  itijitanc.^  m  that  at  tb© 
Ih^Uva  imnnl  The  first  6  itiile^  of  thm  m  nrotect^  bv 
cliannrl  ir>  fftit  ^^^ade  at  the  bott-om  and  **  ff^t  df*i>|i,  whiej||^ 
pa ra  1 1  id  tn  lit o  ra n a  1  an d  e a r r ies  th e  d rain ii^i?  I ri tr>  h  8mall  ■ 
whcnc'u  it  i.s  h-l  into  ih^  Betwa  River,  At  the  Beiwa  heail-wqj 
ereek  enters  the  river,  and  this  wilh  blocked  up  hy  a  large  eml>aiil| 
audtarned  back  by  a  cut,  through  whieh  it.  ontartid  the  rherj 
the  head-works. 


Del  ri 

^  hiit4 

id  j^fitti 

of  ih* 

*  ft  dd 


"  aw/jhf-  tfjifftf   MM*  mmAL^ 


W    Iff     It    IT    fl     Til 


^-----•^■* 


e  c»T«t:dtii^  l^i^  tf^ 


If^rr^UiM 


1 


-I   P      ^^ 


liUru/ittijiifnil  SGoHi^n^ 


< 


Ptg,  3J^.    Haiiid*!.  Bwri  I^oab  cttUftl. 

Ariuoftuets  difTer  Tmrn  bridi^vs  only  iu  Iiavinj^  to  earrj^  a  wat^r f 
iiel  insti'ad  of  ii  railrriad  or  rorutway.  The  bridge  portion  may 
wood,  iron,  fir  inaKonry.  In  India,  iiiasonry  i^  almost  exclus 
em  ploy  I'd  l)rrMii^t?  of  its  rolatlvi'  elit*a[)TiPS8  and  perinaiiencv,  O 
Soane  (filial  arc'  isuvi^ral  interest! Ui^  fiquednctSj  one  of  whieh.  a 
the  1'hora  Nulla,  i^arries  the  Buxar  branch  eanal  on  a  well-eonstn 
masonry  strnetnn*  {^^,  H^  p.  102).  ThiH  riqiiediiet  is  38^  feet  in  hi 
and  J  e\e[usi\e  of  the  wiii^s  tir  retaining  wall^i*,  in  155  feet  loniz 
width  exel usi vt^  of  winj^s  being  51r  feet.  The  waterway  of  tlie  aque 
isiL*  feetwiib^  on  topj  40  feet  at  the  bottom,  and  7  feet  in  depth. 
waterway  for  the  torrent  beneath  the  aiinetiuet  is  const  rut- ted  al 
a**  an  inverte<I  siphon,  the  l>ed  bavin;:  an  invertAHi  areli  bent*atl 
piers.     There  are  four  Hpans,  eaeh  -JiJ  feet  wide  by  20  feet  U  in 
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liigh,  the  arch  above  supporting  the  aqueduct.  The  height  of  the 
piers  to  the  spriuging  of  the  arch  is  12  feet  and  the  rise  of  the  arcli 
Is  6  feet.  The  piers  are  each  ^  feet  wide.  The  object  of  the  invert 
is,  that  should  a  greater  flood  occur  than  is  estimated  for,  tlio  open- 
ings  may  act  as  siphons.  Thej'  are  estimated  to  carry  1(),()0()  second- 
:feet. 

One  of  the  greatest  and  earliest  aqueducts  constructed  is  tlie  Solani 
»quoduct  on  the  Ganges  canal  at  Roorkee  (PL  XVI).  This  consists 
of  an  earth  enbankment  2J  miles  in  length  across  the  Solani  Valley, 
and  about  10^  feet  high,  its  greatest  elevation  above  the  river  bed 
l>eing  24  feet.  This  embankment,  as  shown  in  the  sketch  (tig.  29), 
is  350  feet  wide  at  the  base  and  200  feet  wide  on  top,  and  on  this  the 
oanal  banks  are  formed.  The  outer  edges  of  these  l)anks  are  30  feet 
'^'ide  and  12  feet  deep,  and  are  lined  throughout  by  masonry  or  revet- 
^i^ents  of  stone.  The  exterior  slopes  of  the  embankment  ai'e  1  on  1^, 
a.nd  have  been  made  with  great  care.  The  tot^l  length  of  the  upstream 
*^ vetted  channel  is  10,713  feet;  that  of  the  downstream  <'hannel  is 
2,723  feet,  and  between  these  embankments  is  built  the  masonry 
Aqueduct,  the  total  length  of  which  is  020  fo<»t,  with  a  ch^ar  water 


Fio.  29.— Cross  section  of  Solani  aqueduct,  Gangres  canal. 

space  between  piers  of  750  feet  in  length,  consisting  of  fifteen  spans 
of  50  feet  each.  The  breadth  of  eacli  arch  parallel  to  the  channel  of 
the  river  is  192  feet  and  its  thickness  is  5  feet.  The  arch  is  in  the 
form  of  a  segment  of  a  circle  with  a  rise  of  8  feet,  and  the  piers  are 
raised  on  foundation  blocks  of  masonry,  sunk  20  feet  in  the  river  bed. 
The  greatest  height  of  the  aqueduct  proper  above  the  river  valley  is 
38  feet.  The  waterway  of  the  aqueduct  is  formed  in  two  separate 
channels,  each  85  feet  wide;  the  outer  walls  of  masonry  arc  8  feet 
thick  and  12  feet  deep,  the  aqueduct  being  intended  to  carry  12  feet 
of  water.     The  velocity  through  tlui  aqueduct  is  3!}  feet  per  second. 

Perhaps  the  most  magnificent  aqueduct  yet  constructed  is  that  built 
across  the  Kali  Nadi  at  Nadrai,  whieli  carries  the  watta's  of  the  T.ower 
Changes  canal  over  that  river.  The  first  aqueduct  at  this  place  was 
much  smaller  than  the  pi-esent  one.  l>efon^  the  great  flood  of  ISS^  it 
was  calculated  to  permit  the  passage  of  30,000  second-fei^t  tlirough  the 
five  bays  into  which  this  water  way  was  divided,  and  it  was  founded 
on  the  natural  channel  of  the  torrent.  In  1884  an  extraordinary  flood 
occurred  which  discharged  nearly  100,000  second-feet  under  the*  aque- 
duct, and  greatly  injured  it.  Repaii's  were  at  once  commenced  and 
Blight  alterations  made  in  order  to  increase  the  channel.     On  the  2d  of 
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■V  >.  i^iH^r  ->  f»^l  in  Ihickmss.      The  total  ci^ 


r  -  v^:.:»:  ;*:»  tw.^  of  the  lanrt-sl  as  woU  as  tlie  mo<\  iutei 
.-- vi^-'  -  -  :.>TUi:r-(i  in  lutHa,  one  for  carry inir  th«'  ]*uth 
'  ^  ■  :.-r  : h-  Kanipur  Torrvnt  over  the  canal.  In  the  coi 
^;:>  r^vii.'vv:!^*-  t'>|xxial  i-an-  must  l>e  taken  to  irive  itsl* 
la:  ::  -ha.:  n..t  l^o  iilK-<i  up  In*  the  deposit  of  siHliiiien 
whilt'  !!i»'  nias4»nry  an4  revettini:  of  the  banks  must  Ik?"  carrio<l  a  >uf 
eient  <list«in«»'  mh  earh  >i«k*  «»t  the  canal  up  and  down  stream  to  prote 
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the  Kali  X*<i:  ;u^iit^iu.-t;  R*x-^»ni>Mf  th«'(.K>veriiuient  of  Imlui,  Publi.  Wurk^Dei* 
'  Calcutta,  IS*. 
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The  catchment  basin  of  the  Ranipur  Torrent  is  alwut  45  stiuaro  miles, 
average  width  being  4^  miles  and  its  total  length  10  miles.  At  tlie 
nt  where  the  superpassage  is  constructed  there  is  an  ogee  fall  with 
rop  of  9  feet,  the  base  between  the  piers  supporting  the  superpas- 
Ze  being  used  as  a  portion  of  the  masonry  construction  of  the  fall 
. .  X^^I).  The  foundations  of  the  upper  and  lower  levels  an*  pro- 
wled by  lines  of  piling  and  box  work;  the  former  have  a  widtli  of  10 
ii  and  the  latter  of  70  feet.  Tlie  flooring  of  the  superpassage  from 
9  crown  of  the  arches  to  its  ])ed  is  in  its  thinnest  i)lace  3  feet  tliick, 
3  the  parapets  are  7  feet  wide  and  4  feet  high.  These  continue 
»nd  from  the  body  of  the  work  a  distanc<^  of  100  feet  on  each  side, 
pauding  outward  so  as  to  form  wings  for  ke(»ping  the  water  witliin 
ands.  This  superpassage  is  300  feet  long  and  provides  awat<'rway 
■*  the  torrent  105  feet  wide  and  G  feet  deep. 

^t  the  Puthri  superpassage  the  torrent  of  that  name  drains  an  area 
about  85  square  miles  and  discharges  a  maximum  flood  of  l."),(>00 
*ond-feet.  Tliis  superi)assage  consists  of  an  acpunluct,  under  wliich 
3  canal  passes  in  nine  bays,  each  25  feet  widr.  Th(?  widtli  of  the 
perpassage  is  2i)i\  feet.  This  wati^rway,  as  it  now  a[)pears,  was  made 
3  wide,  and  accordingly  the  decrease  in  the  velocity  of  tlu*  torrent 
this  point,  whicli  in  the  natural  channel  is  10  feet  pi^r  second,  has 
used  considerable  silting  and  the  superpassage  has  been  constantly 
Ling  up.  This  error  has  been  obviated  by  decreasing  the  waterway 
th(^  construction  of  masonry  groins  projecting  from  the  side  para- 
ts  of  the  sui^erpassage  out  into  the  stream  at  right  angles  to  its 
tirse.  This  has  nearly*  remedied  the  evil,  as  the  silt  pn^viously 
posited  is  now  l>eing  rapidly  cut  awa3\ 

The  Sasoon  superpassage  (fig.  3G)  on  the  Sirhind  canal,  whereby 
e  Sasoon  Torrent  is  carried  over  the  canal,  drains  an  area  of  24 
uare  miles.  The  discharge  of  this  stream  is  estimated  at  7,750 
cond-feet,  and  a  waterway  has  been  provided  150  fec^t  wide  ])y  CA 
et  deep.  The  diffi^rence  in  level  between  the  bed  of  th(»  (»anal  and 
e  torrent  is  21.0  feet,  of  which  7  feet  are  depth  of  water  in  the 
nal,  10  feet  headway  up  to  soffit  of  arch,  3  f(?et  the  tliicknrss  of  the 
ch,  and  1.0  feet  ])nck  flooring.  The  canal  cliannel  is  spanmMl  by 
ree  central  arches,  each  of  45  f(M»t  span,  and  two  at  tlie  sides,  i^ach 
32  fc^et  span.  Tliere  is  an  aggregate  waterway  for  tlic  canal  of  184 
?t,  but  the  mean  waterway  of  tlie  channel  is  only  177  f(M't.  The 
le  walls  or  i>arapets  of  the  superpassage  nro  in  feet  high  and  5  foet 
iek  at  base.  The  mode  of  construction  of  this  superpassage^  is  indi- 
ted in  fig.  :3(>,  p.  140. 

\n  interesting  mode  of  disi)osiug  of  drainage*  is  by  a  drainage 
iervoir,  as  is  done  on  the  Agra  canal.  Several  streams  cioss  the 
aal  at  a  certain  i)oint.  They  are,  however,  all  <lisposed  of  through 
e  channel  by  constructing  an  embankment  on  the  uppe^r  side  of  the 
aal,  so  that  a  reservoir  is  made.     The  object  of  this  reservoir  is  not 
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•  sills,  6  feet  higher,  and  on  the  extreme  flanks  are  platforms 
Dve  the  canal  bed.  These  elevated  platforms  are  17  feet  long 
cted  Willi  the  revetment  on  the  canal  banks  by  inclined  planei 
y.  This  escape  dam  is  practically  identical  in  construction 
)rdinary  scouring  sluices  at  Myapur  and  other  places.  The 
through  the  sluices  up  to  the  height  of  6  feet  is  470  feet  wide, 
*en  the  levels  of  6  and  10  feet  it  is  570  feet  wide.  Above  that 
?et  wide.  The  closing  and  regulating  of  the  opening  in  this 
is  conducted  by  means  of  flash  boards  fitting  into  grooves. 
>  gates  are  dropped  rapidly,  being  constructed  on  a  plan  simi- 
Soano  scouring  sluices,  but  more  crude  in  their  method  of 
tion.  When  not 
fie  water  in  the 
carried  under 
and  returned 
itmoo  Torrent 
by  means  of  a 
nage  tunnel  or 
siphon  about 
long.  Owing 
gh  velocity  of 
■i  in  the  Rut- 
jnt,  there  is  no 
f  silt  in  the 
3  greater  part 
J  being  carried 
through  it  by 
of  the  flood 
riie  torrent  in 
has  been  cut^ 
'  on  the  down- 
id  to  stop  this 
ion  of  levels  5 
)ars  have  been 
\  it,  each  about 

apart.  These  are  composed  of  cribs  filled  with  ])owlders, 
acted  as  contemplated.  The  maximum  flood  aiiticii)ated 
arged  through  the  Kutmoo  Torrent  is  25,000  second-feet, 
lating  bridge  across  th(?  canal  below  the  crossing  has  10 
H,  each  of  20  feet,  and  in  addition  to  this  th<»re  is  a  roadway 
•ming  a  bridge.  There  is  about  a  mile  of  revetment  walls, 
^  on  blocks  or  wells  sunk  to  a  depth  of  20  feet  below  the 
.  This  is  prote(?ted  by  iiumb(M's  of  piles  and  cribs  filled 
ders. 

0  Nulla  on  the  twenty- first  mile  on  the  main  western  Soane 
massed  by  a  siphon  aqueduct.  This  torrent  is  subject  to 
is.     They  are  estimated  on  the  basis  of  6  ixic\vft^olT\ajL-Q^ 


Fi«.  31.— Plan  of  Rutmoo  c;roHHinK,  Qanges  canal. 


p4«roncl*  Th»*  »i]j1ii>n  iia.'Aia^'^  fur  ihi*  fliMid  iirtivhS*^  1,; 
of  waiter  way  tii^ifn^^l  \n  *^*  opt^titngK,  vm^h  <if  5|  ^iEftn»( 
work  iH>ti?iifiM  Iff  PtiWtatitml  ftiii^ifir^'au'HfH]  wrU  tienaith  Hi 
tttHliT  tilt*  ft»r«J  tvf  ihi*  iiirtx*iil  and  hIxi%^^  ^muitil  for  tb^tuppl 
Aqni«iliRi.  ami  i^  iioLir  m  aemlstlLliiifi  t-jirrio«l  tiuder  tb^  ^p 
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rranches  and  to  private  channelH  on  both  sides  of  it  (fig.  37). 

location  in  the  ease  of  a  large  canal  can  happen  only  in  occa- 
X  instances,  but  the  secondary  or  distributary  branches  tak(»n 

tihese  principal  canals  can  and  should  be  made  to  conform  to 


Pio.  33.— Nadrai  aqueduct,  GaDg<w  canal. 


ding  lines  between  water  courses.     The  capacity  of  the  distribu- 
which  then  traverses  each  separate  drainage  divide  is  propor- 
ed  to  the  duty  it  has  to  jMjrform,  the  bounding  streams  limiting 
»rea  it  has  to  irrigate. 


Fio.  ^.— Cross  Bootion  of  Nadrai  ariueduct,  Ganges  canal. 

►r  the  more  comploto  and  efticient  (list  n])ulioii  of  wator  the  (in<^i- 
treats  them  as  of  as  luudi  importance  as  the  main  ])ranch('s 
iselves.  Attention  is  devoted  to  the  character  of  the  soil  trav- 
i,  to  the  alignment,  to  the  safe  and  permanent  crossing  of  nat- 
IRB  87—03 10  ^ 
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iinil  dmiria^p  \inm,  iiad  to  so  maiuUuriini^  tlie  ttiirfaoi!  af  tUe 
Willi  relation  t^i  the  ijround  as  to  c?ommHtiil  the  Ini-g^wt  irrltraMi^  W 
In  nil  wdl-dert!giH^*l  dislHhutwiy  rtynt4^m«  tht*  i.*Ht»iiinty  of  tbi^  rli 
is  oxjtetly  pnjpurtioui^d  lo  Mh*  duty  to  be  iJ©rfi>riiH»<J,  the  ^*r 
artii*  bluing  dimhnshod  *w  the  qnantity  of  water  to  hi*  imnW 
doi^n.1AHod  owiiifT  Uy  it«  divcrnit^n  by  pJ  ivat©  water  coanw^,  thoagl, 
BUfficii'^iiMy   UirKH    uiarj^jn    is    usually  allowed    for    fatufi* 
dev*^kipim*tit 

It  is  usuiil  to  tAkiA  (ifT  thf*  watc*r  of  a  diardlHilHty  from  tlj* 
eatial  as  near  tin*  siiifac'H  of  tho  latltr  a^  iK)«*iibk».     Thai  is,  Uw 
of  a  diiitribotary  kIiouUI  not  In*  on  a  level  with  the  bed  uf  lUv 
canal,  the  ol>joct  lii^iiig  timi  t<i  g**i  the  elearest  waller  jKisfiiljie, 
is  found  iie^inr  th<-^  snrfaevt  iiud  s<:^eoud  to  kee[>  tho  l>€*d  t>f  tto 
tributary  at  >ls  hi^h  a  lev*^l  as  |>(i,ssibh^  U%  luhuit  of  iiurfa<ie  li 
throughout  ita  length*     in  ievei  euimtry  grt:u1-  cmn^  ig  alwa; 
in  designing  these  distribnturios  that  the  natural  dmiiia^  \mm 
wh it'll  tliey  tali  shall  be  suffioiently  hirge  t-o  aeeointtuKlafc  iiiij 
vohmu*  it  may  Im  uetw^ssary  to  j>our  into  tJiem^  s<j  that  Mj»mIi 
tary  mny  bt?  rapidly  rtdioved  during  times  of  storms  and  th^4; 
Wrn^H  shall  not  l)o<*onti!  doj^ged  and  AoikI  the  sunxmnding  c^>i 
The  slop*.'*  of  a  distributary  in  usually  planued  to  Ix*  as  nearly  i 
Bible  parallel  to  that  of  the  district  it  t  raverw^s  in  order  to 
costly  emlmnlonents  and  to  inmii^   the  surface  uf  the  wat<?r 
above  that  uf  Ih^*  country.     Falls  aiv  s*mioVimes  rendered  DtH^e^'^fJ   i 
by  the  profile  of  the  eonntry,  as  is  the  (*ase  on  larger  eanaK  wl 
OH vii pes  a  n  ^  i  n  t  rod  u * *e d  e ve ry  S  to  ]  i J  n ]  i  I *^ s . 

Dislributaries  as  desi|rued  on  the  gn^at  Ganges  c-anal  hart?  l^i 
made  to  eon  fur  ni  as  far  as  possHile  to  u  t?**n«u*al  desi;^n,  ^^liii^h  luAjl'^ 
outlined  as  follows:  The  headt^  have  been  ctnistrujrted  ;\i  tlu^  \^^^ 
where  bridp*s  or  falls  weiv  neeessary,  in  order  to  ei^onouii^e  in  nmn'HJf 
eonstrurtion,  Tliis  luent  ion  also  injures  tlnnr  betti'i-  in.si>i't'H<in,  Tl* 
beds  are  gemvrally  from  i'  to  "I  feet  above  thos<M)f  ]]u^  timlw  eannlfnii 
which  they  are  taktou  Thrse  heads  are  desi^^ned  as  men*  i^ien^*^ 
ways  Willi  ^rr-novc?^  foi"  the  intrf>dijel ion  of  Khut tiki's  or  ]»hinkji.  Sf 
fnrllu*r  design  hns  Ijct^ri  atleuipted  fnr  lln*  reguiatitni  ot  (ii^ichAJp- 
The  distributaries  Hi*'  divided  into  inain  lines  ,ind  fi^odi^rii.  Tln'fii* 
or  main  linrsrnn  pnnilhd  to  the  eajial  on  \iitiU  sides,  ;uid  ihrsi'lJATaM  | 
lines  nrv  mrt  in  Ihcii"  passage  duwnwanl  )iy  f<*eilers  fninin*;  fri>ni*i 
different  distributary  In^aiLs  in  the  neighlHjrfnKjrh  Tliis  jiriufip^^* 
eonstrm^tirig  parallel  eliannels  to  the  nrnin  eanal  Is  one  whi^'ir*^"^^ 
not  reeonunend  itsi^lf  n»r  ust*  in  the  IhiiliMl  States,  as  ilu*  eh it'f<'tij*^ 
or  rather  tlu*  eause  of  tln^n-  einployrnenl,  has  l:»een  the  navij:if^^* 
ch ar ae te r  o  f  tl  i e  i r i  a  i  1 1  e a  n  a  1  *  As  1  h i^  main  ea  1 1 a  1  in ii s t  1 1 eeessti  ri ly  Ij*** 
a  very  lowsloini  in  r>rdrr  that  thi'  veloeity  will  not  iin[>ede  navifiaii*^ 
and  as  these  main  i^anals  at  tln^r  heads  IkOuvv  ]nvk  are  usniillv^^'**^ 
sonje  depth  beneath  the  surface  of  the  adjaeent  rountry,  it  ^n'('<"^'* 
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Bctically  impossible  to  distribute  water  from  them,  and  accordingly 
B  parallel  lines  have  been  employed,  which,  keeping  near  the  surface 
the  country,  facilitate  the  distribution  of  the  water  to  other  minor 
annels.     Where  the  canals  are  not  primarily  designed  for  purposes 

navigation  these  parallel  channels  may  well  be  dispensed  with, 
Dugh  they  are  found  on  nearly  all  of  the  larger  Indian  works. 
According  to  Major  Hrownlow,  R.  E.,  the  greater  the  amount  of 
iter  discharged  by  a  distribut^ary.  the  smaller  will  be  the  proportion 

cost  of  maintenance,  for  a  channel  12  feet  wide  discharges  more 
an  double  that  of  two  channels  each  G  feet  wide,  while  the  cost  of 
trolling  and  repairing  the  banks  will  be  half  that  of  the  two  smaller 
«8.  Experience  proves  tliat  irrigation  can  be  most  profitably  car- 
id  on  from  channels  18  feet  wide  at  the  l)ottoni  and  with  about  4 
at  depth  of  water.  On  the  eiistern  Jumna  canal,  during  the  years 
>m  1858  to  18G0,  the  expenditure  on  all  the  distributaries  of  12  feet 
Bd  width  and  upward  was  0.123  of  th(5  revenue,  while  on  all  those 
low  12  feet  it  was  0.223  of  the  revenue,  or  nearly  dou])le  the  first. 
le  relative  value  i)er  cubic  foot  per  annum  from  the  same  ex  per  i- 
»nits,  on  channels  of  respectively  12,  0,  and  3  foet  iu  width,  was  as 
:  7  :  4.  Increased  action  of  absorption  in  small  dmnnc^ls,  with 
linished  volumes  and  velocities,  accounts  for  the  difference.  The 
>th  of  water  accordingly  should  be  seldom  less  than  4  feet,  and  the 
face  of  the  water  should  be  kept  at  from  1  to  3  feet  above  that  of 

surrounding  country,  not  only  to  afford  gravity  irrigat^ion,  but 
ause  the  loss  by  absorption  is  thereby  diminished.  This  was 
'wn  in  the  experiments  referred  to  in  the  previous  part  of  this 
>er,  under  the  heading  ''  Duty  and  absori^tion." 
ndian  engineers  unite  in  condemning  the  practice  of  raising  the 
ier  in  the  channels  to  the  surface  of  the  country  by  means  of  dams 
Jtops  made  by  introducing  planks  into  grooves  made  for  that  pur- 
e.  This  practice,  they  say,  converts  a  freely  flowing  stream  into  a 
ies  of  stagnant  pools,  encouraging  the  gi^owth  of  weeds,  the  deposit 
d It,  and  an  unhealthy  condition  of  the  neighborhood;  and  it  is, 
ceover,  extremely  wasteful  of  water,  since  much  of  tlie  latter  is 
iipated  because  of  the  loss  of  head.     In  designing  tlie  canal  banks 

^idth  of  the  top  of  the  bank  should  be  suflicient  to  admit  of  Qnsy 
Action.  On  moderate-sized  distributaries,  such  as  those  just 
irred  to,  4^  feet  may  be  taken  as  tlic  mini  mum  widtli,  and  wlier- 
X*  the  dimension  of  the  channel  will  permit  it  this  width  should  be 
leased.  Should  the  cutting  be  so  deej)  tliat  a  berm  is  necessary, 
a  always  well  to  let  the  latter  slope  away  from  tlie  canal  and  be 
ined  off  through  the  bank;  the  top  of  the  bank,  likewise,  should 
f>e  away  from  the  canal,  and  not  drain  toward  it,  as  in  times  of 
I'Vy  storms  much  silt  may  be  deposited  in  the  canal  from  this  local 
i'inage. 
>rdinarily  the  water  for  the  village  ditches  is  taken  from  the  dis- 
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Anion;j  v»Tht:-r>»  ar>- :h»-S'-:  >:ph<»n  ]»;irT>-i>  shall  have  a  >tx-tional 
e<]ual  t«>  ihv  Iw/tl  \Ai.i:h  ]»ln>  ♦•no-half  :hv  full  supply.  Siphon 
shall  liavc  th«*  >sam*:'  ana  as  alH>\  ♦-.  tIi*-  'lepih  Ix^ng  e<|ual  to  i^r 
the  fall  supply.  TW  d*-v\\\ *»t  \\\v'  v\>\»y\\  vwvW  twotoC  a  fall  in 
''^  form  a  water  c-usliion  >\ia\\  'l'v\\\v\\  v>wv -\\\\tv\  v^l  >\v^  \vsKs^\.v 
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-*.^    tiho  full  depth  of  tho  water.     'I'hiis  witli  a  fall  4  feet  (kM^p  on  a 

■^«^X  carryiiifif  5  feet  of  wat<M%  the  cnstern  depth  will  <Miiial  ;\  (4  +  •')) 

<^    :feet.     The  minimum  cistern  lengtli  is  qiial  to  throe  limes  tlu? 

K^tfh  counting  from  the  di'op  wall  to  the  rev(»rse  slop(»,  whieh  latter 

^X    T>e  1  in  5.     The  width  of  tlie  cistern  must  be  twice  tlu?  nu'an 

"•X^tili  of  the  wat<)r  in  the  channel,  or  twice  th(^  bed  width  j)lns  tlu^  full 

^^VTiile  the  water  rate  is  at  present  charged  in  India  according  to  the 

"'^^a  irrigat4Ml  and  the  crop  raised,  it  is  univ(»rsally  conceded  that   it 

"^^Id  be  fairer  to  charge  for  the  water  according  to  the  <juant  ity  uscmI, 

it  can  make  no  diirerence  to  tiie  canal  jiroj)rietors  what  be<'oines  of 

^^  water  after  it  has  be<»n  deliv(»red  and  paid  for.     'I'lie  diiliciilties  in 

^^way  of  deliv<M'ing  water  by  actual  ni(»asunMnent  hav<'  Ixmmi  iiisup<'r- 

--^le,  chielly  because  no  practical  method  of  measuring  watei*  unchT 


^^S^cttoff&fmf^  w^f 
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*^  constantly  varying  head  has  yet   Im'cii  devjsiMl.     On  all  tlie  older- 
established  canal  systems,  esp(»cially  when  thesupj»lyenteriiiirth(»li(?a<l 
^if  the  canal  is  insufliciiMit  for  the  demand,  a  sysleiii  calUMJ  'MatiT' 
lias  been  established.     This  may  in  general  liesaid  (oronsist  in  a  nio<i(» 
^f  regulating  lln^  amount  of  water  given  to  tjic  iirigatt)i's  by  ihe  canal 
f:>flfieers  closing  their  oTit lets  foi- sucres.sjvp  jici'lods  of  time  in  regular 
^:t>tation.     Each  cultivator  is  <M)nipelle«l  in  takr  llir  walei- whrn  his  turn 
arrives,  Ixj  it  in  night  or  day,  or  (^l>e  Iom*  his  share  of  watei-  at  (hat 
time.     It  is  considenid  the  best  pi'acticeto  Imixisr  these  tat  eels  on  long 
portions  of  a  distributary  at  once,  as  short  ones  liavi'  veiy  Ijtt  le  elTect 
in  forcing  water  down  to  tlie  tail  <if  the  canal,      hi  tlnMr  ojH-ralion  an 
irregular  period  of  i-otation   is  (Muployed.     'IMius  the  onllets  maybe 
closed  in  th(»  first  length  of  lln^  canal  for  foni-days,  on  lh<*  second  por- 
tion for  thrvo  (htys,  ntid  so  on,  and  t  1km i  this  ov*\ev  wuvy  W  Yvi\vi\^s»vi^.,SX\sik 
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>x2St;i'acted  earth  ditches  U)  branch  channels,  which  are  oixlinary  ruii- 
s^y »  roughly  excavated  in  the  soil. 

Xlioe  is  everywhei*e  irrigated  by  dividing  the  land  into  small  squares 
r  'blocks  in  an  irregular  checkerboard  fashion.  These  are  usually 
oti  los^s  than  iH)  and  rarely  KX)  feet  square,  depending  largtdy  upon 
oil  r-o«  of  supply  and  slojx^  of  country.  These  blocks  an»  separated 
»y  low  earth  banks  alx>ut  1  foot  in  height  with  cuts  oixjning  through 
^^iTv  from  one  block  or  iield  to  another.  Wherc  the  slope  of  th(»  sur- 
^ce  is  very  light  extensive  fields  may  occtisionally  be  seen  within  one 
^lock.  On  hillside  country  the  st<^eper  slopes  are  terraced  by  the  con- 
^tfirxxetion  along  a  ctmtour  line  of  a  low  eiiibanknieiit  about  1  foot  in 
^^iglit.  These  terraces  retain  the  water  fi-om  floods  or  storms,  sub- 
^>^erging  the  rice  erop  t^)  a  depth  of  several  inches,  thus  acting  as 
'^^iniatui-e  tanks.  In  the  more  level  rice  country  the  various  blocks 
^^^  flooded  from  the  canals,  the  rice  always  being  submerged  to  a 
^^^ixsiderable  depth. 

Ill  irrigating  sugar  can(»  an  effort  is  usually  made  to  o])taiii  a  fn^er 

^^M"  of  water  than  can  l>e  ol>tained  by  the  a])ove  method,  though  as  in 

^^  Ciise  of  rice  cultivation  this  croj)  requires  a  great,  rieal  of  water 

*^clit  is  permitted  to  stand  to  a  depth  of  H(»v(iral  inches  over  th(j  sur- 

^Oe  of  the  ground.     Wherever  the  slope  will  permit,  numerous  cross 

^Trrows  are  plowed  or  narrow  ditches  run  throughout  the  tield  of 

*^^*^in  or  cane  in  such  a  manner  as  to  jwrmit  tlie  water  to  flow  in  a 

*^in  layer  over  the  soil,  that  which  is  not  absorbed  iMMug  caught  \\p 

^^d  utilized  by  the  next  lower  dit<;h.     Excei)ting  in  the  irrigation  of 

**^Oe  or  occasionally  of  sugar,  the  land  is  almost  invariably  divided  hy 

^^^me  m^^thod  of  gridiron  work  of  furrows  and  ditchers  as  will  most 

Conveniently  cover  the  ai*ea  to  be  irrigated,  exct'pting  in  cases  wIkmc 

^^e  water  is  sprinkled  by  hand. 

In  an  int(3resting  paper  discussed  by  Mr.  Baldwin  Latham  before  the 
Institution  of  Civil  Engineei's,"  he  gave  a  novel  description  of  the  cir- 
culation of  water  in  soil  as  shown  by  some  exix^rinients  whi<*li  he  had 
ina<le  with  the  object  of  discovering  the  i)recise  dilTerence  ])etween  the 
application  of  water  in  ric<*  irrigation  where  it  stands  stagnant  on  llie 
land  and  other  irrigations  where  a  constant  current  is  kept  moving. 
The  result  of  these  exi)eriments  showe<l  that  where  a  sui'fa<*e  velocity 
was  create<l  it  wcmld  promote  a  circulation  of  watei-  throughout  the 
soil,  a  matter  of  considerable'  importance,  as  ]>y  that  <'in'ulation  manu- 
rial  matters  were  equally  <listril)uted  whih*  other  material  was  removed 
which -was  not  required  by  the  iilant,  and  which  if  allowed  to  stagnate 
would  produce  those  ill  e(Tectssho\vnwh(»n(*ultivating  rice.  The  experi- 
ments were  conducted  in  a  water  tight  glass  tank  which  was  filled  with 
fine  silver  sand  into  which  was  poui-ed  a  solution  of  ])erchl()ride  of 
iron.  Over  this  a  solution  of  nutgalls  was  alhnved  to  pass  slowly  and 
the  course  of  the  circulation  could  be  readily  followed,  as  the  ])oint  of 

nDiBcUflHion  of  irrlyatiou  In  northern  India:  Pro«HM?diuKH  liiiStituXioiv  ot  C\v"\\"^\v€vavi*stv^A*<iXv- 
don,  vol.  %,  p.  ITS, 
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I^OmiiBiei  of  the  twt>  mixtures  p  rot  I  u  creel  t4iunat«)  of  ironormki 
portriived  a  pi*rf»H*t  diagram  of  evf^ry  »t«agt>  of  th^  experimetit. 
roauliof  the  exjxTimi*ijt  slinwed,  amoii^oila or  things,  Mmt  wht^re^ 
waA  an  inoltntitlotiof  tlie^iirfaoi^  rw:*8ultiii^  in  the  productioDofn^n 
eiirrQUt^i  f*vf*r  lU  a  t^in* illation  thnnijfh  the  ^jil  took  place. 

Aij  i>i  h  er  ta  n  k  i»  x  pe  r  h  i  ic  1 1 1  was*  lu  tul  e  ^t  v  i  ii  g  the  eo  ad  itioE*  of  i  f 
irrifjat^l  field.     Tht>  aainc  materiiilK  were  us^ed,  but  the  tank 
ki>pt  Jtn^eU  and  it  wa8  found  that  after  six  months'  coDtaet  mi 
uratiort  irf  the  sand  had  taken  place  to  a  greater  depth  than  one-fi 
of  an  Inch,  Hhovving  then?  had  been  no  displacemeut  of  the  water o 
]iy]n^  interHtitlal  spaces  In  iho  Baud.     Mr.  Latham  haUI  i}mithtt 
laticni  *>f  the  wwter  through  the  soil,  on  all  land  liavingan  im^liMm| 
liad  a  marki^tt  lien^fielnl  infliieneeon  irrigation,  a8  eonciusiviOy  ^h<r 
from  the  prat*ti(rt^  adopted  fur  gonerationi^  in  the  irrigated  distTif*Jifl 
l*iiHlirjont  and  iioni hardy,  Italy,  wb«i\j^  as  the  headwaters  are  left^HJ 
is  cuj^tomary  to  inen^ase  the?  natural  slope  of  the  irrigated 
ortier  to  ereate  a  greater  velocity,  and  hence  a  greater  cireti 
thi*oagh  the  will* 
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rhe  employment  of  storage  works  in  coiinoction  with  irri«j:ation 
Djects  is  resorted  to  in  order  that  an  assured  eoiistanl  siipi)ly  of 
,ter  of  a  given  amount  may  ])e  furnished  by  their  aid  to  any  area 
irrigable  lands  during  eaeh  and  every  season,  regardless  of  the 
lonnt  of  rainfall  oecurring  and  of  the  <iuestion  whethei-  it  be  an 
normally  wet  year  or  one  of  unusual  drouglit.  Where  great  i)er- 
Dial  streams  flow  througli  land  to  be  irrigated  there  is  never  anj'^ 
eessity  for  the  addition  of  storage  works  as  a  prote(*tion  agaiiist 
)  failure  of  the  w^ater  supply,  but  wlierc  valuable  lands  are  to  be 
igated  and  the  source  of  water  supi)ly  is  from  interniittont  oi*  vc^y 
aU  streams,  it  becomes  necessary  to  supplement  the  perennial  flow 
jurring  in  these  during  the  irrigating  season  by  the  storage  of  the 
od  or  waste  waters  lost  during  the  remainder  of  the  year.  This 
d  is  attained  by  damming  the  stream  in  some  place  where  it  will 
od  a  broad  valley  and  create  a  large  artifl(*ial  lake  or  n>s(^rvoir,  or 
diverting  it«  waters  to  some  depression  or  other  reservoir  site 
lere  it  can  be  conveniently  stored. 

Pwo  classes  of  storage  works  are  g(»n(^rally  referrcMl  to  by  Indian 
gineers — namely,  reservoirs  and  tanks.  There  seems  not  to  bo  any 
5 rules  for  distinguishing  the  two,  as  works  soniotiiiu's  chIUmI  tanks 
3  frequently  larger  than  the  larg(\st  resc^rvoirs.  J^^f'rely  for  ])ur- 
ses  of  convenience  in  discussing  the  subject,  t\w  author  will  a<lopt 
3  common  practice  of  considering  reservoiis  as  bodies  of  water 
iained  by  a  dam  construct<Hl  wholly  ol*  masonry,  while  tanks  are 
►rage  works  the  dams  of  which  are  constructed  w  holly  or  in  ])art  of 
'th.  Reservoirs  are  usually  dee])er  than  tanks  and  arc  constructed 
running  and  flood  streams,  while  tanks  arc  ircntM-ally  shallower 
i  are  constructed  on  minor  and  unimportant  sti-cams,  ilu^  thnxl 
charges  of  which  are  so  small  that  all  the  watci-  can  be  either 
c^d  or  safely  wasted,  thus  not  eiidangeriTi^^  ihc  integrity  of  the 
1,  or  they  are  constructtnl  in  de])ressions  r)u  the  plains  or  inter- 
nes adjacent  to  the  stn^anis  from  which  water  is  divcMted  to  them. 
H  general,  works  for  storage  purposes  may  be  lilled  from  canals 
^rted  from  some  lar^^(^  stream  or  lilled  <iirectly  from  the  <lischarge 
the  catchment  basin  of  the  stn^ani  upon  which  tlvey  vuv  Vwvv\\vi,d. 
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TW  liiCBil0ii  af,  ti««^«»BitT  for,  and  proliRhlo  remm  from  t!ht^ 
tloti  cif  M  fttorsjEV  work  h  alvnr^ni » iittt>j«^n  whk4i  vvcvrivm  n 
fill  thotiglit,  bmli  fntm  tl>«  eit^iitertiig  anU  ^fianriai  ilifKi 
Uif  Indlsii  gvpvifmiDi^tit^  hi'fnf^  Ihi'  work  is  finaOv  ^Ddii 
iU3i)**rta]ceii.  Many  tlLffer^ot  i^otifiNl^fnitiotUs  liaTe  first  tu  ij^ 
mml  witii^liMl  ia  ij€«<diliQ|t  cbi?  liicatloti.  Tb«  work  ijJkiqIiI  be 
A  tmAbeietii  i^Wvaiiitii  alwive  ttie  laoiL^  wliicli  it  L^  int^ndm! 
to  alliMHr  llu*  €ji4U4^r>'  uf  tlif^  waiter  tn  tliifui  bv  natural  How.  1 
agt^  WQrfc  laax  tut  ih»  i»jmat^  that  ii  ij*  imm^iauHy  a4J3 
land^  its  whieh  tmr-^  a  vt-nr  sbott  eatiul  will  i»#r\^e  Ibem,  or 
at  Mime  dbtatin.^  from  tht*  bwdatabi'  irn^ated,  thtts  r«qi 
line  of  catiaL  Apiiiif  tbfr  atomge  water  maj  be  tum^ 
Datuial  dminag^  ctuumel  wtieti  required,  and  \^  p&rwii 
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down  to  tb(i  Meij^li)K)rh<nKl  of  IIh-  lands  wlieinMl  will  Ih' airai 
for  irri<^alion  purposes.  'I'Ih-  second  case  nuMitionod  luii 
costly  if  tlir  canal  line  Im-  Ioul:,  l>ut  the  last  is  invariabl; 
exjKMisivc  method,  as  it  is  wastrful  of  water,  tin*  loss  o 
greater  l)y  absorjUion  and  evaporation  tlian  in  a  well-e 
canal,  while  there  is  incurred  the  a(l<litional  exiiense  of  i 
weir  at  the  i)oint  where  the  stream  is  turned  fi'om  tlie  iiatur 
into  disti'ibntin<;  <'anals. 

Ilavinjj:  decided  upon  the  location  of  the  lands  to  he  irri 
knowing  their  area,  the  tirst  considci-at  ion  attacked  ])v  th 
is  the  location  of  the  storage  site.  This  may  be  discovered  i 
time  has  been  sjx^nt  in  making  tiial  surveys  and  investigi 
order  that  it  shall  be  desirabh*  for  its  purpose  it  must  be 
charact<»r  that  the  (?ost  of  its  const  luct  ion  will  not  ]>e  prohil 
cousideriiig  the  source  of  the  water  supi)ly  from  Avhich  to  fi 
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A^e    ^v<>l•k  a  thorou|L?h  hydrograplne  survey  of  the  cat^'hineut.  basin 
«^l>ovo    the  ivstM'voir  is  necessary,  in  order  to  discover  the  niaxiniiun 
a.xid    iiiininuini  precipiUilion,  the  pereenlaj^e  and  ral(»  of  run-olT,  and 
tlio   total  quantity  of  water  avaihible  for  storajre.     Stream  ira^inj^s 
*^ro  niiiintained  for  a  f(»w  yeai's,  and  all  possible  effort  made  to  dis- 
cover the  volumes  of  maximum  floods  as  well  as  tin*  total  qnantities 
of  watiir  dischargiHl.     To  these  (Mids  a  ^ood    topo^rraphie  survev  is 
*^^^t   execut(»d,  as  from  the  maps  thus  eonstruete<l  th«^  relation   ean 
*^*^8t  l>e  studied  b«^tween  the  irrigabh»  land  and  the  res<'rvoir  site  and 
*•■!©  lattCM' and  its  catchment  area.     Th(»se  maps  enable  tin*  enj::ine(;r 
*^  niejtsure  tin*  areas  of  the  catchment  basins  and  to  rah'iilato  thedis- 
^harjr^^jj  from  thesc^  areas,  j^rovided  the  rat<»  of  run-otf  is  known.     The 
■*ii<liaii  jjfovernment  has  already  constructed  over  most  of  its  tiM-ritory 
_  ^  i500(l  topographic  map,  on  a  scale  of  1  mih^  to  1  inch,  upon  which 
^nc»  toiK)^raphy  and  outlines  of  hills  and  valleys  are  indicated  in  hacli- 
^   ^*Vis,  Hiid  numerous  (devations  an*  marked  at  prominent  towns,  passes, 
*^U<\  mountain  peaks.     In  addition  to  this,  much  of  the  mon'  densely 
^^uiubitc'd  porti<m  of  the  pt»ninsuia  has  already  Immmi  surv^'Vrd  and 
?*^*H>ped  for  revcMiue  i)urposes,  on  lh(»  lar<j^o  scjili*  of  1  inches  to  1  mile. 
^  iththe  aid  of  th(»  latter  map  it   is  possible  to  determine  with  mu(*h 
?^^*Uracy  the  various  lields  and  ])lats  of  lan<i  whi<'h  are  to  be  served 
i''  the  irrigation  scheme  and  their  gen(»ral  I'chition  to  tin^  <listrilnitory 
^anuels,  wliile  the  snuiller  scale  maps  enable  tin*  engineer  to  solve 
^*1  the  general  problems  in  connection  with  tin*  cati']im(»nt  basins, 
^^reams,  general  lo<*ation  of  storage  site,  and  the  general  coui-se  which 
^tio  distributing  canal  or  other  medium  must  tak(^  in  order  to  <'onduct 
^lie  water  to  the  lands  to  be  irrigated.     Such  maps  as  these  are  of  the 
greatest  i>ossilde  service  in  the  designing  of  any  scientific  and  general 
Scheme  for  the  development  of  tlie  irrigation  resources  of  a  country, 
^nd  enable  the  engineer,  like  the  general  in  command  of  an  army,  to 
>mist4.»r  all  his  forces,  look  over  and  <'onc(^iv(^  at  a  glaJi<*(^  Ihc  pro])hM!i 
\o  be  attacked,  and  dt»cide  upon  the  best   mode  for  the  utiii/ation  of 
all  the  resources  at  Ids  c<)mmanci  for  th(^  general  good  of  the*  whole 
ai'ra  to  }h'  served. 

After  th(i  i)reliminary  pro]>lems  have  been  solve<l  the  mori'  <leiaiied 
considerations  are  investigated.  In  locating  the  dam  site  it  is  ne<«es- 
sary,  lirst,  to  have  above  it  11n»  largest  ])ossible  basin  or  valley,  with 
as  lower  flat  a  slot)eas  isobtainable,  in  ordei*  that  a  maximmn  storage 
<*ji]>acity  njay  be  had.  The  site  should  be  so  chosen  that  it  shall 
re<iuire  the  shortest  possibhr  dam  to  dose  it  and  yet  alToi-d  a  sutli- 
eientlywidi*  waste  weir  to<lischarge  the  maximum  lloodwitliout  injury 
to  the  dam.  Finally,  it  must  be  so  locate^l  that  the  geologic  t'oriua- 
tioii  shall  be  favorable.  'I'he  <lam  must,  not  be  founded  on  a  porous 
fr>rniati(m,  and,  if  of  earth,  the  material  of  the  abutments  an<l  founda- 
tion must  be  of  suitable  <[uality  to  atl'ord  an  impervious  <M>nnection. 
If  a  masonry  dam,  it  sliouhl   be  founded  on  solid  rock.     A  study  of 
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Mio  i?i*ii«*nil  geology  of  the  ueighlx^rhoml  in  cmior  ho  meetimn  wh* 
ill**  vaUHy  wbirh  \H  to  he  miod  4w»  ii  Btom^e  aite  is  an  Hntidhialof 
eiiTial  viiUt^y,  m*  out*  pitKlue^Hl  by  Himv>l4'f^rc>^ioii,  in  of  great  iiiipori 

as  indieatltig  the  dip  uf  tke 
imdt*rlyiiijj'  h  nm\  lh\*  \n4 
valiW!  lit  tlie  !*inne  lis  rt  imnnjHf 
i  ng  HI  ihI  i  ti  m  In  r  I  h  v  ^n  1 1*  r  f<l<ir 
the  vaUt^y.  Materia!  for  tJtt 
pitruction  of  whatever  (4a&s  oj 
is  deeidiHl  upou  imist  be  em 
ieiit  to  the  nit-**  in  oi-der  tan 
to  H  minimum  the  emt  tif  t 
port^itiou  ami  ctmstniction. 
*  111  Ktii<]ying  a  ejitehmeut 
I  lie  Indian  cHigint^t^r  hm  reo 
to  a  few  simple  furmiilai^  to 
in  dot-ormiiiiiig  the  flood  dwd 
fnmi  the  area  und^  wm 
tion,  and  as  a  cheek  on  th<5  p 
obtain ihI  from  local  ohser?: 
The  following  are  two  of  tb 
mula^  most  used : 


Ryres's  formula,  I>=:C  ^  I 
Diekens's  formula,  1>=C  < 

In  whicli  M  represents  tht 
of  the  catehment  basin  in  i 
milew,  t'  18  a  coefheient  depc 
for  its  valiii*  upon  raiofal 
slope  of  ground  forming  the 
ete.,  and  I)  is  tlte  rc^sultii 
rharge,  Uf^UHlly  shown  in  te 
euliit'  feet  per  j^iefjond.  It  i 
be  borne  in  niiud,  hoKeve; 
no  Hueli  form u hi  eau  be  s 
airplif^able  with  the  same 
oieut  to  areas  of  varying 
even  in  the  same  part  of  the 
try  and  under  the  influ<*nee 
MajtH'  intensity  of  rainfall, 
the  other  circurnstanees,  si 
the  slope  of  the  ground,  eha 
of  the  soil,  etc.,  l)e  approximately  similar.  The  chief  difficuli 
be  found  in  the  selection  of  a  suitable  coefficient,  and  a  few  of 
fordiffei-ent  districts  in  India,  which  correspond  in  general  ehai 
istics  to  the  arid  region  of  the  United  States,  are  here  given. 
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regions  where  maximum  recorded  rainfalls  of  from  'S  to  0  iii(*.hes 
renty-four  hours  have  occurred,  the  coefficients  for  Dickens's 
Dla,  which  have  been  settled  upon,  are  about  as  follows: 
2imum  rainfall  3.5  to  4  inches,  in  flat  country,  C  =  200;  mixed 
try,  C  =  250;  hilly  country,  C  =  300;  and  for  a  maximum  rainfall 
nches  C  varies  between  300  to  350,  according  t^o  the  nature  of  the 
Cry.  The  corresponding  number  of  inches  of  drainage  for  a  stand- 
area  of  5  square  miles  from  these  figures  would  vary,  for  the  first 
p  between  5  to  7.5  inches,  and  for  the  second  group  between  7.5 
5  inches.  For  Ryves's  formula  the  coefficient  varies  between  400 
MX),  and  for  very  hilly  areas,  where  the  maximum  rainfall  is  high, 
ly  reach  as  high  as  (>50.  The  flood  discharges  are  invariably 
>rtionately  less  for  large  basins  than  for  smaller  ones, 
^ery  interesting  pax>er  on  this  subject  of  maximum  flood  discharge 
catchment  areas  was  read  by  Mr.  James  Craig  before  the  Insti- 
n  of  Civil  Engineers  in  1884:.«  The  details  of  the  argument  entered 
in  this  paper  are  too  elaborate  to  be  j) resented  here.     In  general 

are  an  amplification  and  discussion  of  results  ()])tained  from 
>U8ly  shaped  catchment  basins,  showing  new  methods  of  dot<u'- 
Qg  the  loss  of  discharge  other  than  those  obtained  by  the  two 
uhis  given  above. 

order  to  show  the  character  of  the  detail  connected  with  the 
>us  investigations  and  problems  to  be  solved  when  the  value  of  or 
wity  for  the  construction  of  the  storage  work  is  under  considera- 
in  India,  attention  will  be  called  to  a  few  of  the  questions  which 
ndian  engineer  is  directed  by  his  superiors  to  investigato.  These 
»  and  others  not  included  herein  are  laid  down  by  General  Mul- 
chief  engineer  of  irrigation  for  the  Madras  government  in  India, 
de  guidance  of  engineers  in  that  presidency.*  The  general  cir- 
tonces  of  investigation  are  whether  the  valley  or  drainage  area 
r  consideration  is  partially  occupied  by  tanks  or  is  unoccupied. 
e  will  be  some  prima  faciei  evidence  available  a])out  particular 
or  what  the  inhabitants  suppose  would  be  suita])le  sites.  It  may 
jsiiHid  to  supply  water  to  a  definite  area  of  new  land  to  Imj  irri- 
l  or  to  land  that  had  a  previous  supply  which  lias  been  stopped 
le  silting  up  or  destruction  of  existing  tanks, 
the  preliminary  information  the  average^  rainfall  of  the  country 
!ts  character  are  obtained  from  any  records  whicli  ma\'  bt,»  in  exist- 
The  irrigation  duty  of  the  drainage  area  in  s(iuare  miles  or 

other  unit  is  ascertained,  as  well  as  the  quantity  of  water  deriv- 
from  this  unit  of  catchment  area  and  th(^  average  rates  of  assess- 
i  for  irrigable  lands.  The  preliminary  investigation  includes,  as 
*e  stated,  a  study  of  the  atlas  sheets  of  the  survey  of  India  and 
le  revenue  survey  maps,  an  examination  in  detail  of  the  country 

cizniixn  flood  diacharRe  from  catchment  areas:  ProcecdingH  Institution  Civil  Engrinoors, 

n,  vol.  80,  pp.  201-220. 

gallon  Manual,  E.  F.  Spon,  I^ondon,  IHUU,  p.  56. 
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In  onic^r  to  ai»»riiLin  thi*  niont  ^uitJible  resorvotr  wlt^s,  and  m  <*xa!iiW 
ti<»n  nf  till*  dmitiji^^  lirit'«  tlieiiei>  dowtiwanL     Tn  In*  i^ouf^hl<  n^T 
Uisaany  muftt  bt»  in  »  viilk*y  whit'h  lut.H  a  m*ifli*rHl.«*  Itirigtii^iiriiil  v.^^, 
yifiih  mcHlemte  trtuiHTcrsf^  »lopi'i«  on  cither  &icl<»  of  the*  lists  of  thi* 
l*iy,  iiuij^t  fitliuit  of  amoderiilt.i  k»tigth  of  dam  with  siiitiihic  Mlniimi-nU 
at  tnthiT  iMid,  *i  piTolmbl©  mcKlemit?  depth  of  water  and  cfirTv^jhjtwJ 
ing  height  of  dmn,  Huitablo  tjiat^rial  for  the  formation  of  the 
and  p<»iiM»!»  fuf*nilh>M  for  tho  dinpoHal  of  sui-plui^,  pi^eferahly  bv 
Ing  OTor  d€H^ieh**d  smhlU*?*  through  ro4>k  soil  or  ^ul>8oiL     Lactl  beldtl 
thc^  Bite  inimt  tii^}  Ih}  tivuihUd*^  for  irrigations  and  thi^rt*  t^Umil(J  be 
abtienect  of  much  or  valuiibU^  eiilMvaf.ion  and  of  vilbigi.^s  wiliuBtk 
probable  nrea  of  thu  water  spread,     WHiether  wat4?r  storapi  iiutji*' 
obtaiiUHi  on  finaiiciaUy  a^lvantagiHnit*  t^nns  will  depend  lar^<4yoi 
the  difFerciiCts  between  the  valueis  of  the-  land  when  irrigiUd  ioi 
when  not  irrigatcKl.     In  order  to  ascei*iain  this  difference  in  vdiij 
it  iH  neeessary  in  India »  as  in  America,  tt>  knuw  what  *uea  agii 
quantity  of  water  c«n  irrigat**^  what  that  area  will  pay  for  fhe  wj 
and  what  the  storage  and  di«trilnitif»n  of  the  wat<^r  will  i*uH{. 

In  various  discussions  of  storaiLrei'apacity  and  wati*r  duly,  htr^fw 
to  Ikj*  entered  into,  the  author  will  foreonvenience  use  the  stomgetroil 
emplc*yed  by  the  United  State«i  Geological  Survey,  1  aere-foot  Tttj 
1h  4tis5{iO  cubie  feet,  or  the  quantity  of  water  whieh  will  eover  1  ncrf 
in  area  t«j  a  depih  of  I  foot.     In  tloaling  with  large  t|uaa  titled  of  watei, 
sueh  as  tltoso  storr^d  in  gn^nt  reservoirs,  it  Is  inconvenient  and  tfoiibl^ 
srmie  to  speali  of  efiipneities  in  millions  or  billions  of  enbie  feet,  »utl 
t[\t^  mueh  smuHer*  il^^'ures  whh*li  will  be  dejilt  with   by  usirs)^  tbea^'f^ 
foot  as  the  unit  of  measurt'  rualie  the  jsubjet't-niatter  ini>re  intelUgi''^'' 
Likewise  the  area  of  land  irrigable  from  a  priven  amount  of  stoi^"^ 
wat<'r  ean  i>e  moiv  eonvt^uiently  ronsidered;  that  is,  the  dutyuf  tk 
stora^^e  water  ean  1m/  spoken  of  in  more  convenient  terms  if  w€i^^-^ 
to  tlKMlut y  i»erfornied  per  aere-fout.     Thus,  in  portions  of  Color^iiJ 
the  duty  of  an  acre-foot,  providing  the  distance  which  the  water bas 
to  be  carried  to  tlie  land  is  not  so  great  as  to  cause  ex(»essive  loss  by 
absorption,  nifiy  be  stated  as  being  1  j  acre-feet  per  acre. 

As  an  instance  of  tlie  cost  of  storing  water,  tlie  inv(*stigations  of  tbe 
Bombay  (Migineers  show  that  in  favorable  cases  where  water  lias  ten 
stonMl  in  r(^s(u*voirs  of  the  first  class  50, 700  cubic  feet,  or  about  1 J  acre- 
feet,  of  water  luis  been  stored  at  an  average  cost  of  ^1.  The  cost  of 
tlie  water,  however,  Avhen  served  to  tlie  field  will  be  considerably  a1>ov( 
this,  as  the  loss  due  to  evaporation  and  absorption  in  tlie  reservoii 
during  storage  period  and  tlie  loss  due  to  the  same  causes  in  convey 
ing  the  water  tli rough  the  canals  to  the  fields  to  be  irrigated  must  b( 
included  in  the  estimates.  In  tliis  same  locality  in  Bombay,  afte 
considering  these  losses,  it  appears  that  about  38,000  cubic  feet  o 
water  can  be  stoi'ed  at  an  average  cost  of  1^1. 
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ftinfall  is  always  more  than  sufficient  to  fill  the  reservoir.  The 
.  on  the  right  bank  is  99^  miles  long,  and  is  designed  to  discharge 
econd-feet  at  the  head;  however,  its  usu»'\l  discharge  is  somewhat 
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while  if  necessary  it  can  bo  increased  t<»as  much  as  ."irjo  socond- 

This  canal  passes  through  the  town  of  Poona  and  commands 

00  acres  of  land  entirely  within  the  dry  zone  of  the  Deccan^ 
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rhert*  the  rainfall  seldom  exceeds  20  inches.     In  this  area  the  tari^l 
ions  in  the  rainfall  and  risks  of  drought  tire  as  great  iwi  tbi*  hXmM 
ainfaU  in  amalh     T\w  left- bank  canal  is  but  14^  iniU-f*  in  lt*rigth 
jctetidH  but  a  short  disiaiicH>  beyond  the  town  of  Kirkee.    It  c*iijimAi 
in  arc^a  of  4,300  ari\*ft  and  the  discharge  at  the  bead  is  3^  »eootid-f< 

The  rt^^i^rvoir  is  fornu*d  b}-  a  masonry  dam  fonndmi  on  solid 
?hiR  dam  Is  fH>nstrueted  of  noeoursed  rubble  masonrj^    lu  t< 
ength  is  h,\'M  fiwU,  of  which  1»45:)  ft^et  are  nst^  as  wastevraj.   Il 
lolght  ttl>ovti  the  river  Is  W  foet^  whilu  its  maximum  height  aljo re 
oundation  leve^l  1«  108  f«0t.     The  crest  of  the  wasteway  is  11  U 
telow  tUo  Ujp  of  tho  dam,  thus  giving  a  maximum  storage  depth 
7  ft'et.     The  dam  l>a(^^ks  the  wat«^r  up  the  valley  a  distance  of  U 
lie  available  eon  tents  of  the  i*esei*voir  are  75j50C»  acre-feet,  and 
rea  of  water  surface  exposed  is  3,681  ac»n.\s.     In  order  to  eommAod 
uffnnent  «*h*vatioii  the  be^lis  of  the  canals  aro  taken  off  ai  an  ekvai 
f  5 J*  feet  above  the  river  lied  or  bottom  of  the  storage  reserv^j 
3iu«  tbe  available  depth  of  storage  is  but-  '2*.>  feet.     The  rivpr  &boi 
tie  reservoir  has  a  eatehmeat  area  of  lii^J  square  miles,  ovt*r  tMI 
he  rainfall  is  so  great  that  only  one-sixth  of  the  whole  disehj*r|«  (i] 
he  river  is  used.    The  design  of  the  dam  is  uniiue-stionably  enidet 
IB  at  first  constructed  it  was  14  feet  wide  on  top,  with  straight sd^ipft^ 
n  either  side  of  2  on  1  downstream  and  20  on  1  upstream.     Tbetl 
oon  showed  signs  of  weakness,  and  to  stFengthen  it  a  great  bank 
earth  GO  ftn't  \vU\v  on  t<ip  and  30  feet  high  wtiH  piled   up  aE:aiLL>'  i'^ 
lower  fm*e.     The  line  of  I  he  dam  is  built  in  several  tangents^  ^tti 
chaugL*s  of  top  width  for  t-aeh,  according  to  the  height  of  that  portion 
of  the  dam  I  the  points  of  juncture  of  the  various  tangents  being  backed 
up  l\v  heavy  buttresses  of  masonry.     The  cost  of  this  structure  w*s 
about  #1.7r>  pt*r'  (nihit*  yant,  and  its  total  cost  wajs  10^)0, <Xhj.     Wliile 
under  const ruct.ion  a  temporary  wall  of  masonry  was  erected  atst>ro'! 
distaiH'i*  hch^w  tli<^  iiuiin  clam  in  tijo  river  bed,  whicli  wus  built  up  1» 
a  height  of  '"><)  feet.     The  object  of  this  was  to  form  a  temporary 
water  cusliion  for  tlie  floods  to  fall  on,  so  that  they  should  not  uiuler- 
mino  the  main  dam  wliile  tlio  wasteways  were  being  prejiared. 

The  discharge  of  water  from  tlie  reservoir  into  the  right-bank  canal 
is  regulated  by  ten  shiices,  each  2  feet  square.  These  sluices  are 
closed  by  iron  shutters  and  are  operated  by  means  of  caj^stan  and 
screw  from  the  top  of  tlie  dam.  There  are  in  addition  eight  circular 
sluices,  each  2  feet  (5  inclies  in  diameter,  which  are  1.33  feet  lower  than 
the  canal  sluices  and  arc  designed  to  supply  water  to  turbines  for  mill 
power.  These  latter  discharge  into  the  canal  througli  tlie  turbine 
chamber.  Three  sluices  of  a  similar  pattern  to  the  canal  sluices  men- 
tioned are  at  the  oi)posite  end  of  the  dam,  for  tlie  supply  of  the  left 
bank  of  the  canal. 

The  right-bank  canal  has  a  l)ot torn  width  of  23  feet  and  depth  of  S 
feet,  though  its  usual  supply  of  water  is  about  5  feet.     Its  fall  is  4 
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icbes  per  mile  to  Poona,  at  which  place  there  is  a  drop  of  2.8  feet, 
liich  is  utilized  by  means  of  an  undershot  water  wheel  to  drive  pump- 
\g  machinery  for  the  supply  of  water  to  the  town.  The  canal  is  car- 
Bd  through  Poona  in  a  tunnel  excavated  in  rock.  At  the  fifty-first 
Qe  the  canal  supplies  Matoba  tank,  which  is  constructed  as  a  relief 
>rk  and  commands  an  area  of  8,550  acres  of  irrigable  land. 
The  Mutha  project  was  designed  and  has  been  operated  as  a  produc- 
re  ^work,  and  was  constructed  from  borrowed  capital.  As  originally 
timated  for,  the  total  cost  of  the  work,  including  land  compensation, 
fcs  to  have  been  $2,664,000.  The  estimated  revenue,  including  the 
venue  from  mill  power  and  water  supply  to  the  city  of  l^oona,  was  to 
kve  been  #207,000,  or  7.78  per  cent  on  the  capital  outlay.  Tin*  total 
Bt  of  this  work  to  the  end  of  1889  has  been  $2,082,000.  The  working 
5>enses  were,  in  the  year  1889,  $2.08  per  acre  irrigated;  the  gross 
venue  from  irrigation  was  $37,000,  and  tlie  total  net  revenue  was 
2,000,  including  the  revenue  from  all  other  sources,  or  3^  per  cent 
.terest  on  the  capital  invested. 

NIRA  PROJECT. 

Bhatgur  reservoir  is  located  in  the  Presidency  of  Bombay,  about  40 
dies  south  of  Poona,  on  the  Yelwand  River  just  above  its  junction 
ith  the  Nira.  The  topography  of  the  country  thereabouts,  in  its 
hysical  characteristics,  its  climatology,  and  the  appearance  of  its  vege- 
Ktion  is  very  similar  to  that  in  northern  Arizona  in  the  neighborhood  of 
""each  Springs  or  Ilackberry.  It  consists  of  high  mesas  or  table-lands, 
srminating  in  abrupt  and  nearly  perpendicular  rock  slopes,  and  cut 
ito  by  deep  canyons,  which  open  out  rapidly  onto  broad  bottom  lands 
nd  valleys,  leaving  the  mountain  masses  standing  out  boldly  like  the 
dins  of  great  old  fortresses. 

■the  frequent  failure  and  the  general  uncertainty  of  rainfall  in  tlie 
ortion  of  the  Poona  colloctorate  through  which  the  upper  Xira  Kiver 
o'ws  caused  Colonel  Fife  to  turn  his  attention  to  devising  somc^  nieans 
>r  supplying  this  district  with  water  for  irrigation.  Surveys  made 
nder  his  direction  in  18G3  showed  tliat  the  systiMii  of  small  tanks 
''hich  had  been  generally  considcNMl  applicable  to  this  region  was, 
nancially  speaking,  impractic^able,  as  tlu^  slojx^s  of  the  sinalh^r  val- 
)ys  are  as  highi  as  from  30  to  50  f(»et  i)er  niili^  TIk^  result  of  the 
etailed  surveys  then  made  was  that  those  tanks  at  best  afforded  but 

limited  area  of  irrigation,  while  a  tolerable  site  for  a  tank  was  almost 
avariably  occupied  by  j^ardens  irrigated  from  wells,  thus  rendering 
he  land  expensive. 

Preliminary  surveys  for  the  Nira  i)ro.jeet  w(M*e  made  in  JS04,  but 
Fere  soon  discontinued.     They  sliowod  that  the  eanal  must  commence 
lear  the  town  of  Shirwal.     In  1808  a  committee  was  ap])ointed  to 
nvestigate  this  scheme  further,  and  the  vesA\\\,Nva^  W\v\X>  \\>\^^vvc\i^^ 
be  district  to  be  drought  stricken,  and  said  it  vfouYOiXy^  ^viN\^j«iX:J^^  V*^ 
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av©  surveys  m»d«  at  once  for  tlie  c^nstniction  of  a  re«er%*oir  cm  tk 
3Kim  Hiver,  with  a  eanal  froiD  the  same.     Surveys  urefe  rei!it3ui<^l  ^ 
Mie  fiwm   year  und^r  Lieutenant  Buckle,  IL  K.     Thi*aewereixmt:ii  i-; 
lor  sann^  time,  auti  were  flnaHy  taken  up  h^-  Mr.  J.  R  Whkitig,  t   • 
uder  whr>si^  direct lou  the  proj<*ct  was  finally  eoui<!tirtaet<!d^    Mr.  Wte- 

g^soltMCrvatioiis  and  Kurvfiys  prneeeiifid  until  1871,  Th^yltidtiflM 
|4he  *?x  ami  nation  f>f  aeveral  dlfTorf*ut  t^iu^^  and  eotti  prised  cletaiWsnr- 
not  only  uf  tlu^w  »ite«,  but  of  rsvcr-|ra^ing  and  rfiinfall  oli*n> 
id  the  erons*  mK^tmniug  uf  the  valley  »Lon{(  the  canal  tint*,  TV 
a8  flnally  suhniitted,  and  as*  now  cc}nfitriiet«<K  t^nsi?'t>fif  4 
irvoir  on  the  Yelwand  Eiver  and  of  a  eanal  heading  at  Vir,  md  tin 
Klfft  Hlver,  IU\  miles  lie  low  tho  i*fisen'oir  «it4*,  tlio  eau&l  heis^  15p 
mih.^!*  long  and  di«chai"^iiig  iH5  setMindfeet  at  the  head  (iiae  fl|r.  3^1- 

Tho  cHU*hment  basin  above  the  dam  sit-e  bus  an  arcMi  of  15^  iMjUiiPfr 
miles,  and  the  fall  of  the  river  bed  within  the  reser\'uir  llmiU^  h  *>  i^ 
per  mile.  The  water  in  the  reservoir  is  backed  up  fJii*  valley  n  d\^ 
tauee of  15  mllea,  and  it«  total  capacity  is  126,5tK) a*? n*- feel.  The  tUm 
if*  4,007  feet  in  length,  and  1a  oomposed  of  the  best  uni^oursed  nibble 
masonry  laid  in  hydraulic  eemeut.  It  is  127  feet  In  height  iiIh^M'  ii^ 
foundatiiui  and  its  cit^i^t  is  8  feet  above  liigh-wat*?r  mark.  Its  exf  rt^me 
bottom  i«  74  feet  wide^  and  the  top  is  12  feet^  and  Is  tutende^l  t/tbt 
used  as  a  roadway.  The  dam  is  designed  on  a  modern  cross  se^^tioiv 
^hy  a  formula  very  similar  to  M,  Bouvier's  (fig.  40).  When  full  the 
pit^ssun>  on  th(^  to€>  is  5,8  ton^  per  square  foot,  or  1K>.8  pounds  ptr 
square  inch,  and  when  empty  is  ti.7  tons  per  square  foot  on  the  heel 
of  the  ilanL  The  water  supply  is  such  that  this  reservoir  can  be  filled 
ei^^ht  time^  in  the  year  Accord in|;(ly,  it  is  evident  that  there  is  as 
immense  volume  of  water  to  be  wasted.  The  align tuent  of  the  dAiii 
curves  in  an  irregular  manner  across  the  valley  so  ais  to  follow  the 
outcrop  of  nick  on  which  it  is  founded.  These  foundations  ant^  ^^x*:* 
vatcd  to  a  depth  of  2  feet  in  the  solid  i-ock,  which  has  required  ^n 
excav  atiotj  s<:»metinies  as  deep  as  30  feet  in  onler  t^  re^ch  homogene<>y& 
naat^rinl.  The  greatest  flood  over  the  dam  may  be  50,000  !*eeond- 
feet,  11  nd  this  is  passed  off  by  2  waste  ways  and  20  undersluk-es* 
The  v^'jLStcways  are  constructed  at  either  end  of  the  dam^  in  the  bo*ij 
of  the  dam  itself,  aud  are  arched  over  so  that  the  roadway  h  cod^ 
tinnous  above  them.  Their  total  lengt.h  is  810  feet,  and  the  flood  umy 
pass  8  feet  in  de|Kh  through  them.  The  northern  waste  way,  th^t  tm 
the  left  bank,  consists  of  45  archer  of  10  feet  span  each  which  ciin  h^ 
closed  by  iiutornatie  falling  gates.  The  waateway  at  the  south  eml 
consists  of  :iO  arches,  with  the  same  dimensions  and  construction  i*^ 
the  othei^.  Jutting  out  from  the  main  dam  on  the  downstream  side, 
in  snch  a  mimner  as  to  inclose  the.se  wasteways,  are  constructed  vrnW^ 
of  mnsonry  which  guide  the  discharged  fliwd  water  into  separate:*  chan- 
nels, which  carry  it  into  the  rivers  lielow  the  main  dam. 

Of  the  undersluiees  (PL  XIX),  15  are  constructed  in  the  center  of 
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3  dam  at  its  deepest  point  and  are  placed  17  feet  apart,  each  being 
>y  8  feet  in  dimensions,  with  their  sills  60  feet  below  the  high- water 
le.  With  this  enormous  head  these  undersluices  will  discharge 
,000  second-feet,  which  is  an  average  maximum  flood,  and  they  have 
ccessfully  withstood  several  years  of  flood  without  injury  to  the 
iut«  of  the  ashlar  masonry  with  which  they  are  lined.  Under  full 
^ad  the  velocity  through  these  sluices  is  36  feet  per  second.  Above 
Lis  row  of  15  undersluices,  and  near  the  surface  slope  of  the  valley, 
i*e  two  others  of  the  same  dimensions,  one  2  feet  above  the  main  row 
nd  the  other  50  feet  above  the  main  row.  These  sluices  are  .'on- 
tructed,  as  are  the  main  sluices,  with  a  lining  of  the  best  asiilar 
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Fio.  4().— Plan  and  rrtyf»  8e<;tion  of  Bhatjirnr  daui,  Nira  HyHt4>m.  BomlMiy. 

^^onry,  witli  pointed  joints.  They  are  closed  ])}'  iron  gates,  which 
i-de  vertically.  These  gates  wc^igli  2  tons  each,  and  are  operated  by 
^el  screws  worked  from  above  ]>y  a  female  capstan  screw  operated 
^  hand  levers.  The  gates  are  protected  from  injury  by  floating 
ejects  by  means  of  stout  gratings  of  wood  on  tlie  upstream  enti'ance. 
fciere  is  30  feet  of  idle  space  below  the  undersluices,  and  this  is 
^pected  to  fill  up  with  silt. 

Tlie  object  of  these  sluices  is  primarily  to  discharge  the  water  of  the 
Bervoir,  which  then  flows  for  nearly  20  miles  down  the  Nira  River  to 
Le  diversion  or  pick-up  weir  at  Vir,  wliieh  turns  it  into  the  head  of 
^  e  Nira  canal.  Fewer  sluices  would  have  accomplished  this  end,  but 
Sditional  ones  were  constructed  with  the  object  of  keeping  the  reser- 
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TOtr  abcivf^  them  f rre  fnim  s^imenL     Thifi  vmit  h^ 
tfj  lettrio^  tbe  ft1ntr?im  npt^n  whi^ii  morh  ^^^liinent  I^cwtM  In 
9lf>ii,  sih}  It  in  very  dottlitf itl  if  tbev  woald  elemn  tbt>  rnsprrotr  el  # 
If  it  w^m  unc^  periiiJlt««l  tit  fill  ii|». 

Mr.  A.  IllU,  .ifipefititeniiiiigr^iigitieer.  mmjB  of  ikm 
ihe^  gliiict**: 

fiGoQiinK  slaicM  hMWi  little  «<lec^  oalatf  tb#  «v^  of  theopeoD^  k 
pmdtotlittAmef  tfailloodik  fbiiaww»eali»ifgwdydBpori-|gd  tfa>r«g 
m  hum  hmm  pmtvt  bgr  Afr  vmuiir  Ia  ^rticii  tbejr  ii^v^  AUcd  u^p  mg  I^ir  Filrai 
aS  Vlr  »i3d  oCjMr  placvA  wtu§Ti»  tiielr  area  u  m^  oaDi{Mi%4  wiili  tlat  of  t^iia 
of  tlie  floodM.  At  Bhat^ar  tii^  are  fntgwled  ool  to  reioave  »]t 
Imt  to  pfifTi!tit  Itl  d^pQ^  Ikf  ^nrtTtn^  it  off  irfufe  in  tniyinMiinw     If 
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high  and  tlie  t1fsH'lmrt?t'  ut  the  tiixlerslnict-^  will  kwp  the  flood  lev*-!  lielow  th^  f!^ 
Hnjfply  l*"Vi4,  thitTj  tli+^y  will  Ixt  f  flic  it  tit.  If  the  tlain  is  low  and  tht*  ^tiit^e^  ^ 
not  ke*'^]!  the  fl'wwl  lt*ri*l  Ik^Iuw  full  fi"ti]>ply  Irvel,  tlit*y  will  have  little  efftvT. 

Experience*  on  tlie  Betwa  i-eservoir  and  elsewhere  bears  out  these 
conclusions,  with  the  addition  tliat  their  scounngor  preventive  eifect 
is  f(dt  a  very  few  feet  to  either  side  of  tlie  sluices,  and  silt  will  de|K>sit 
close  to  their  entrance.  In  other  woids,  tliey  do  little  luoiv  than  keep 
an  open  channel  al>oV(-  them. 

Tlie  automatic!  sluice  ^ates  whi(»h  are  to  be  used  on  tlie  wasteway 
of  this  dam  are  ])eculiar,  and  are  w(dl  worth  describing.  They  are 
patented  by  .Mr.  E.  K.  Keinold,  their  inventor,  and  their  object  i> 
that  when  the  Hood  reaches  its  maximum  height,  8  feet  l)eh>w  tlu^ 
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Brest  of  the  dam,  the  gate  shall  be  entirely  open,  and  as  the  flood 
isubsides  the  gate  shall  automatically  rise  until  it  is  entirely  closed, 
Uius  adding  to  the  reservoir  capacity  by  the  depth  of  the  wasteweir. 
"The  gates  are  8  by  10  feet,  and  they  thus  increase  the  depth  of  this 
^reservoir  by  8  feet.  Where  water  is  valuable  such  an  expedient  may 
^l>e  of  the  greatest  financial  importance. 

These  gates  have  been  in  successful  operation  since  about  1892,  or 
:£oT  ten  years,  and  have  worked  admirably.  So  much  so,  in  fact,  that 
similar  gates  are  being  placed  on  the  Lake  Fife  dam,  and  liave  been 
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Pi(».  42.— S«M'ti(m  <»f  HUt^)inatic  jratos  and  rnjst,  Bbatfoir  dam. 

planned  for  otliei's.     The  leakaji:e  at  lUiatgur  lias  'oeen  too  slight  to 
be  taken  in  account. 

Tlie  gate  has  two  oontt'ict  surfaces,  ouc  on  the  standard  face  against 
which  it  presses,  and  one  on  the  face  of  the  gate.  These  surfaces 
slide  parallel  to  each  other  and  are  the  surfaces  of  inclined  planes. 
The  gate  rests  on  wheels  running  on  rails  and  the  axes  of  these  wheels 
are  parallel  to  the  line  of  rails  and  at  a  slight  angle  to  the  contact 
planes,  so  that  the  latter  do  not  touch  until  the  gate  is  fully  raised  or 
closed,  thus  permitting  l>y  leakage  a  large  amount  of  the  flood  water 
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■  ran  out  of  them  until  the  last  moment.  The  accompanying  illus- 
;Ations  (figs.  41-43)  explain  the  operation  of  the  gate.  It  is  auto- 
matically operated  by  means  of  counterpoises  balanced  in  water  cis- 
fciHB,  the  weight  of  which  exceeds  the  weight  of  the  gate  by  a  little 
^ore  than  the  amount  of  the  friction,  and  they  act  b}^  <lisplacing  their 
Dlume  in  water  in  the  cisterns  in  which  they  plunge,  thus  lessening 
meiT  weight  by  that  of  this  volume  of  water.  As  the  water  flows  over 
ae  top  it  flows  simultaneously  into  the  cast-iron  boxes  in  whieli  the 
Dunt4»rweights  hang,  through  inlets  placed  on  a  level  witli  the  gate 
ap.  This  water  entering  the  cisterns  reduces  the  weiglit  of  the  coun- 
srpoises,  and  the  gate  then,  being  the  heavier,  sinks,  ojKiningthe  waste- 
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Flu.  44.— Plan  of  h«*Hd-workH,  Nira  <-anal.  Vir. 


>ray.  When  the  wat<^r  <»(»asos  to  enter  tlio  l)()xrs,  owing  to  its  having 
lalleu  below  the  level  of  the  inlets,  it  soon  runs  out  from  holes  at  the 
l>ottoni  and  the  counterwi^iglits  then  becoino  heavier  than  the  gate 
and  lift  the  latter.  (4iving  the  proper  weight  to  these  couuteri)oises 
is  one  of  the  important  dHails  of  the  apparatus. 

The  Nira  canal  heads  at  Vir,  11«|  miles  ])elo\v  \\w  res(Mvoir  (PI. 
XX,  A),  The  river  bed  between  those  two  points  being  of  a  rocky 
character  little  or  no  loss  from  abs()ri)tion  takes  place.  The  pick-up 
or  diversion  weir  is  constructed  across  the  Nira  Kiv<'r  at  its  junction 
with  the  River  Vir,  and  it  crosses  l)oth  of  theses  streams  and  the  point 
of  land  between  them  (lig.  44).     The  total  length  of  the  woir  is  2,340 
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fe**t,  and  it«  jrri^nteHl.  lutij^hl  nbove  the  fotrndatlon  m^ 
iltuii  IH  rtiiiHtrUij'tcHlnf  uiHT<Hirm*^l  ruhbl^  nuuionry  ai)d  m*ii 
top  (fig.  4A),  The  war  nloiivs  «re  8  fei'i  an  1  for  9()  TfifQ 
far  thi*  rt>nialnil<*r  in*  lowi^r  part,  l*ht*>  ii|iiHtr4.^fini  Uv?**  h4 
baiter  of  iJO  on  L  At  no  place  h  ibt^  mE^ari  tbit*kIK^N^  U^ 
the  weight  of  the  liam,  Th«  main  wnir  coimistfi  of  turn  Mfl| 
tiotiH  contit90t«d  by  a  <*iirvi*d  wall  over  which  the  water  wi 
This  wall  extendi*  tlirouirh  (he  point  of  htntl  tHiiiniH^tiiigtlui 
mal  a  channel  12(3  foet  in  width  isext'HVated  lielow  ir^  ih>i| 
rivoFh.  The  weir  is  founded  on  solitl  nick  thruitii^hoiii,  t^ 
water  uujfhion  and  break  the  fortH5  of  the  gnyifc  liooil  whielt. 
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it,  Ji  siihsidiary  weir,  situated  J,S(M)  feet  below  the  main 
vided.  'i'lie  total  h'n<j:th  of  this  subsidiary  weir  is  ^M'y  ft 
24.1  feet  liiirli,  with  its  crest  20  feet  hnver  than  that  of  tli< 
It  thus  forms  a  i)ermauent  water  e\isliion  20  feet  deep  bel 
weir.  I.ike  tlie  main  weir,  this  subsidiary  weir  is  eonstr 
b(\st  iineoursed  rubl)le  masoniy,  aud  has  a  roadway  on  t< 
a  maximum  flood,  it  is  estimated  that  the  cushion  will  be 
when  the  overfall  will  be  only  S  feet  dee}). 

The  catchment  ])asin  above  this  divi'ision  weir  is  7(H)  s 
and  the  greatest  flood  estimated  to  ])assover  it  is  15S,0(M) 
correspond in«j:  to  a  run  off  of  nearly  half  an    inch  p(M- 
greatest  flood  wliich  has  occun-ed  rose  s  feet  over  tln^  crest 
weir  and  13  feet  in  dei)th  over  that  of  the  subsidiary  W(di 
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r  backs  the  water  up  the  Nira  River  a  distance  of  12 
val  and  impounds  about  1,40()  acre-feet,  or  sufficient  to 
ve  supply  for  tlie  canal  for  a  few  days.  It  is  expected, 
j  this  basin  will  silt  up  in  the  course  of  time.  The  canal 
le  left  bank  of  the  river  at  right  angles  to  the  River  Vir 
in  a  portion  of  the  weir  just  below  this  head  it  has  been 
ary  to  construct  a  second  subsidiary  weir  of  trifling 
rhich  catches  the  direct  flood  from  the  Vir  on  a  water 
XX,  ,4). 


ELEVATION 


Top  of  canaf  bank 


Aqueduct 
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\.  44i.— Nini  oaniil:  huimtimirsii^o  at  Hiplion  for  .Towluir  TornMit. 


irft<»r  loavin^  the  head-j^atrs  makes  a  Vnv^  sw^M'p  through 
curving  until  it  is  i)arallol  to  the  river.  In  the  cut 
ridge,  which  is  400  feet  in  length,  tho  average  depth  of 
50  feel.  The  v(»locity  in  th(»  canal  averages  1.8  f(»(»t  per 
reguhiting  sluic(»s  (fig.  4"))  at  tho  canal  h(*ad  are  7  in 
L  4  feet  wide  and  have  an  availabh?  h(»ad  of  1^  indues.  In 
kcent  to  the  lu?ad  reguhitors  are  a  set  of  two  scouring 
I  have  not  a  suflieic^nt  area  to  remove  silt  which  may 
vhich  act  ;is  all  other  scouriug  Hlvue^i^  \\\  \LVi«\i\\v\t, «^\v ^ 
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olcar ehaiinel  pmst  the*  Iieii4  of  tht' imtutL    At  Et^  hf^a^l  tkimh 
of  tlif"  e^nal  is  2^  fe<et»  thi^  depth  af  waler  7|  f^oi,  aad 
onlinarily  47<>  sfK'ood-f^t,  while  Iht^  fall  is  G  iadbias 
prt^i^uf  ronHtriua4*il  the  mam  canal  In  103  inite«  loi^ 
i  rri  ji^a i  ^1  *  *  h n ^a  o f  3*  m  i  |4i |  uare  m  i h^,     T h ei>e  ha v<^  bepn 
mtli'»  of  cUHtribittarii^H  cHimmaudin^  a  portion  of  tltis 
of  t3ico4-a]ial  incrtittm'a  T4^  3  ftstt  in  a  luUc;  in  rock  rut*  w1 
\ng  i*rosf^r^mH*imnn\  an.Ni.     Tti  i*artli  wln*n*  Hh*  eiinal 
^mail  tho  j^eate^t  fall  iji  ItH  inchiN*  In  a  mile.     Tke 
fig,  45  ifi  »  oroHfi  section  of  th«!t  canal  siltawlng  the  way  in 
bonuH  and  bankH  are  formiHl, 

Nuitu'niuH  eroita  draiiiajc^iB  ar@  paaac^  in  the  line  of  thfl 
larg<^»t  work«  luring  nqmnUioU*  over  the  Kiirra  Hivt^r  and  tin 
and  a  HniH*v\nusm^t*  (»vi^r  Hit*  Jowhar  Tornpnit.  Th*>  Kunnj 
{Vh  XX,  B)  ronsiKtH  of  '2U  Hn*hc^<>f  30  f<*ot  Hprni  vm*h.  Tli^j 
of  the  river  m  i.*«titimtc<l  to  toui*h  the  <*rriwn«<>f  tin*  archies  ^ 
of  VI  ft*4?t  {H^r?4eeond  th rough  Iheui.  The  ^it|n»r|»ai$aagi.^  fort 
Tornnit  in  novel  (tifr^  i'j)  and  has  an  advantage  over  wwig^ 
ing  of  the  canal  b  avoide<L  This  structure  differs  from  ft 
fmix^rpiiSAHgt*  in  )x>ing  m  f^olid  rock,  thitH  neting  a^  a  weir;  \ 
eanni  \mrtg  carried  under  without  any  great  drop  or  fall 
clean>t  the  arching  to  avoid  losa  of  velocity";  in  thi.H  it  di 
aiphona.  There  is  e^tra  velocity  and  consequent  narrowj 
waterwaj%  Keganlin^  the  aqueduets,  it  may  be  observed 
the  KllpcJpa^Ba*?eR,  the  object  hna  lK*en  to  make  thew  as 
pos^ihlt*  wLlhoul  saeritieing  too  much  fall,  and  the  narrows 
is  ^monthly  paved  and  grouted.  It  i?5  e.stlmate<l  that  the  ac 
alnii^  this  sttM^p  i in-line,  tos^'i^th**?"  with  the  original  v*dcK'ity  of 
gives  tlio  r(M|iiisit('  sp<MMl  iK'fore  the  wat^r  enters  tlie  aque* 
inclination  is  given  along  the  aqueduct  sufllieient  to  niai 
velocity  and  carry  the  water  a(*ross,  but  directly  the  passage 
the  canal  is  gradnally  widened  and  gets  its  regular  fall  p<»r 

Tlie  total  onllay  on  the  Nira  i)roje<'t  tothoeiul  of  tlic  yea 
as  follows: 

Totid  ofifhii/  on  \it(i  jtrnject  to  cml  of  ISSS, 

Canals,  (listribntarii's.  t'tc.  ..    .    _      

Bhatufiir  r»'serv(»ir  (  niK-oinjjb^ted  i  . 

Twcnty-threo  sluice  ^Mt<'s  and  the  subsidiary  weir  

Canal  head-works  at  Vir  .    . 

Nineteen  a<iueducts.  

Two  sijjhon  sui)eri)assiiges         .    .  

Seventy-tivc  small  weirs 

Hy(h'ants,  turl)ines,  etc  . 

Compensation  for  land       _  .  - 

Total,  including  sundry  others  _      .    . . ... 

To  the  close  of  11K)1  the  expenses,  exclusive  of  tlie   Hliat 
ATr^i^  w^^re:  For  main  canals,  ^vS'^^^,^^^vn-,  vV\"!>V\'\\a\\U\vws>,  %(;8^< 
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=»^rkg,  $70ij^im;  Mtablidunent,  $843,000;  tools  and  plant,  $41,000; 
^«z4i] ,  $1 ,  787,CN  iCL  The  revenneB  to  end  of  1901  had  been :  Water  rates, 
^<32,CH)0;  plan tMions,  $8,000;  rent  of  buildings,  $1,600;  total,  inclnd- 
^  miBcellaneoufl^  $367,000. 

J  BKTWA  PBOJBCT. 

*Thtt  fimt  pn)]>i)Hal  for  the  oonstmction  of  a  canal  from  the  Betwa 
L  vi*r  was  Miade  hy  Major-General  Strachey  in  November,  1855.  The 
Lection  was  apiin  considered  after  the  mutiny  in  1859,  but  nothing 
\  done  until  1867,  when  Lieutenant  Home,  R.  E.,  was  directed  to 
tnduet  the  inquiry. 

Lieutenant  Ilome  made  examinations  in  1867  and  1808,  and  sub- 
it  t*!d  a  preliminary  rei>ort  which  showed  that  it  was  practicable  to 
t^.'tiiilxe  the  waten*  of  the  Betwa  River  for  irrigating  a  tract  in  Bundel- 
^"«:ind,  in  the  Northwest  Provinces,  lying  between  the  Rivers  Jumna, 
^»huj,  and  Betwa,  whereupon  more  complete  investigations  were 
The  examination  was  continued  by  Lieutenant  Bagge  and 
^s^ftiniate  subti]itt.ed.     Further  examinations  were  made  later,  in  1869, 
^^3"  Mr.  Aiulerwou,  under  the  general  direction  of  Colonel  Greathed, 
^^liief  engin€*er,  and  the  conclusions  arrived  at  by  him  were  that  Pari- 
'Sti  was  the  best  position  for  a  diversion  weir;  tliat  for  four  or  five 
**ionthi*  of  the  yfsnr  1,000  second-feet  could  be  depended  on  even  dur- 
t  ng  years  of  minimnin  ittinfaU,  but  that  final  further  examination  was 
^dvisabl^.     In  November  of  the  same  year  Lieutenant  Bagge  sub- 
iitt^l  a  detailed  project  and  estimate  of  the  Betwa  canal,  including 
X^ro virion  for  water  storage.    The  estimates  were  so  high  that  the 
project  was  shelved,  especially  as  there  was  no  prosjKJCt  of  the  enter- 
prise realizing  more  than  from  3)^  to  4  per  cent  interest  on  the  exjKjnd- 
Finally,  in  November,  1873,  the  Government  sanctioned  the 
fmtimates,  restricting  the  canal  to  wet-weather  irrigation  without  pro- 
fimon  for  navigation  and  without  being  supplemented  by  storage. 
The  works  of  the  canal  were  designed  and  carried  out  under  tliese 
eneitil  plans,  but  were  afterwards  modified  so  as  to  include  a  storage 
[reservoir  and   irrigation  throughout  the  y(^ar.     Various  sites  were 
Idiscusvsed  for  the  location  of  the  storage  works,  tliat  at  Klioord  being 
be  most  favoralily  considered  for  some  time,  but  finally  I^iricha,  a  site 
ireviouely  decided  ui)on  for  the  diversion  weir,  was  a(*eepted  as  the 
est  location* 

The  area  covered  by  the  Betwa  canal  syst^t^m  is  about  1,500  square 
miles.  The  surface  formation  of  the  bench  land  covered  is  very  pecul- 
iar. .  The  highlands  border  on  the  valleys  of  the  Pahuj  and  Betwa 
rivers,  while  the  lowlands  occupy  the  central  part,  teing  drained  by 
two  separate  channels  which  unite  as  they  approach  the  River  Jumna. 
Owing  to  the  irregularity  of  the  rainfall  and  the  excessive  fertility  of 
the  soil  on  this  area  of  land,  it  is  difiicult  to  make  a  canal  project 
remunerative  without  supplementing  its  perennial  discharge  with 
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fltoriig©  wat^ir,  ftinci^  duriiij^  tht«  ordinnry  season  of  the  year,  wlmn  tbfl 
river  flowa  an  aVmiidant  stream  of  water,  the  rainfall  on  the  irrisilej 
area  is  !^ufllci^^rl1.  hn-  iiicmt  of  the  nc^eds  tif  the  agiicultiiriJ*t.     The  slfei 
ohoaeti  f^ir  I  hi:  divt*r.iion  wtur  is  an  i-xcelleut  ntiL\  Iho  imtisiial  ^iiill 
of  the  river  btwl  at  thin  point  afford ing  an  ample  wa*tlewAy  for  tb 
great  flfwids  which  mnj^  bi^  e\prKM*>d  during  cc^rtain  pericHls.    Itir» 
iio<*t*si*arylo  dosigii  the*  stontjyriMlitni  *i.Han  ovi^rfall  weir  throughontitv 
online  hrugth,  as*  tlit*  maxim uni  flrjod    Ui  be  d i^wbHri^^tni   amonaU  to 
760|CKK)  woiHJiid-feet,     A  rcicky  Iwirrier  nr  Imlge  nnis  irtows  Mh?  lx?t]  mi' 
the  rtvor  at  thin  }Kdnt and  forms  an  excellent  fuundatian  for  tlicwWn 
The  river  )ias  a  !<traigli1  run  iH^twi^eii  ^oail  »iiff  banker,  and  there  i»i 
plentil'ul  s^upply  ^f  gijml  buiUling  stiine  in  the  neighljorhtiod. 

For  the  tlrst  2<^  niilo^  t!M:»  caiuil  run»  in  a  direct  line,  and  In  tiii& 
excavation  varying  in  depth  froin  n  to  40  feet.  Thiw  i>ortioii  of  tk 
line  is  fortunately  in  eartli  anri  may  bo  coni^^idered  an  ptirtdy  itiv*^rsiou 
lino,  l>*^lng  too  deep  for  jmrpoi*©«  of  How  irrijaration.  The  t1n*t  ^)  mllm 
of  tht^  canal  are  protected  by  a  drainage  channel  parallel  t-o  it,  wbiei 
catches  llie  di^ebarge  from  tho  various  small  streams  erosaing  it  it 
right  angles  to  tlu* direction  of  the  caoaL  Through  this  first  pcirtion 
of  its  length  the  cross  «e<3tion  of  the  canal  Is  30  feet  at  the  bottotc 
with  a  depth  of  12  feet  of  water.  The  first  3  miles  t»elo\vt-he  hvud  m 
revetted  both  on  the  batiks  ami  the  b^^d  of  theciinal.  Thi«  revet nieai 
oonslst^of  a  paving  of  loose  stones  carefully  laid  by  hand.  No  »iltin| 
of  any  impurliniec  lakes  place  la  the  canfil,  iis  the  water  ih  admitljrf 
to  it  only  during  the  season  of  luoderate  discharge  in  the  river,  ui 
as  it  m  ttiki^nfroTn  the  storage  reservoir  most  of  the  sediment  h^.s  l^ti 
prcvionsly  <leposited.  The  gnnvth  of  weeds,  however,  is  rather  exit*- 
sive,  owing  to  the  low  slope  ol"  the  etuial,  and  tfn^  latter  is  perio<li€all]f 
closed  ia  (irdt^r  Hint  the  weeds  may  Ijc  cleared  by  hand. 

One  of  the  principal  branches — the  Hamirpitr  bramdi' — is  di.*sipt^ 
with  a  iKJttoiii  width  t*l  l^*  feet  furl  he  tirst  "It*  miles  and  n  depth  of 
water  at  head  oT  tj  feet,  its  slope  being  1  in  3,0<H>^  which  gives  a  veltxitj 
of  13  feet  per  second  and  a  dischurge  of  liiO  second- feet*  Frtnnthii 
point  on,  ttieln^atieh  (Hminishes  gratluady  in  dimensions  and  *'arryinf 
ca[»acity,  the  hloj>e  being  eontinually  alteccil  ho  an  to  give  an  averas?? 
veloeity  throngiu*nt  of  aliout  -1  feet  per  second.  Another  main  bmnfii 
called  the  Kalfunid  InTinf'h,  has  a  bed  of  .T>  f(^et  and  a  depth  of  G  ffie4> 
an()  is  designed  t(»  carry  '"ioo  second-feet  of  water.'' 

The  lo(tal  drainage  met  in  the  lii'sl  frw  miles  is  dis})osi»(l  of  by  means 
of  a  }rarallel  drainage  eanal  liaving  an  inlet  into  the  canal,  and  by 
another  channel  near  1  lie  canal  lic^ad  discharging  into  the  Betwa  Kiver. 
There  are  two  drainage  sijdions,  one  in  the  seventeentli  mile  and  one 
on  the  llamii)nr  branch.  The  siplion  on  the  main  eanal  will  discharge 
1,»]00  second-feet  and  is  provided  with  live  vents  of  30  S(|nare  fc^t, 
which  head  the  water  np  1]  fe<*t  and  discharge  it  with  a  velocity  of  SJ 

"  Tho  Betwa  (.'aiml  Projwt  in  Ww,  "SorWwvosX  Vyvauw^-,  UxM^ovdn  of  tho  Government  of  Indii, 
CalcuttH,  1877. 
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ler  second.   The  falls  along  the  lines  of  the  canal  and  the  bridges 
f  the  usual  pattern  described  elsewhere. 

e  minimum  discharge  of  the  river  may  be  taken  as  about  50 
id-feet,  while  the  maximum  discharge  may  be  as  great  as  750,000 
id-f eet.  The  average  rainfall  over  the  irrigated  lands  is  30  inches. 
gross  area  of  land  commanded  is  522,800  acres  and  the  culturable 
is  348,586  acres,  while  the  area  irrigated  at  present  is  180,000 
u  The  expenditure  on  the  works,  including  all  charges  to  the 
1893,  was  $1,435,000.  These  works  include  19  miles  of  main 
1,  163  miles  of  branch  canals,  and  380  miles  of  distributaric^s. 
duty  performed  in  1887  during  the  fall  crop  was  07  acres  per 
id-foot  of  the  discharge  at  the  head,  or  76  acres  i)er  second-foot 


Fio.  47.— Betwa  project;  plan  of  dam  and  head-works. 

le  discharge  utilized.     The  princii)al  crops  raised  wcro  wh(^at  and 
3y,  with  a  small  amount  of  pulses,  indigo,  and  opium. 
le  weir  alignment  has  been  skillfully  located  so  as  to  iiiakc^  the 
i  of  the  rocky  barrier  which  crosses  the  river  at  the  i)oint  where 

constructed  (^g,  47).     The  weir  is  i)lae(»d  on  the  rid^e  of  this 

which  curves  away  from  the  left  ilank  and  is  eoiivex  upstream, 
lat  the  water  will  be  thrown  towanl  the  niiddl(» of  the  channel. 

height  of  the  weir  above  the  river  bod  varies  between  0.4  of  a 
and  60  feet,  except  (m  the  left  bank,  where  the  roek  was  higher 

the  sill  and  had  to  be  cut  down.  The  total  length  betwecMi  the 
^  on  either  protected  bank  is  3,206  fe(^t  and  it  is  calculated  to  i)ro- 
j  an  afflux  in  extrenu*  flood  of  (i..^.  The  cross  section  of  the  weir 
t  first  proposed  is  a  trapezoid  with  sides  of  e(i^ual  slope,  viz^  10 
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horEisimtiil  to  S5|  vertical^  the  top  width  beini^  10}  f« 
eBlin  t]i?i«r,  Coloii*^!  Gr<*iitKecl,  did  not  apjirove  of  thii^  cr 
d«>utdi!Hl  tbnl  t]i<MloMni!iitrefim  fiu^  of  tfio  wi^iri^hafild  Im?i 
In  onlwr  that  n  B-iin*h  (Um  tif  water  pa^Kin^  ovt^r  Hie 
etear  of  the  fco%  and  in  an\vr  iu  tnt*r*>jMi'  Uu?  i^tnlitllty  i 
hfiii  tieeii  ijxtendcd  u|>«^ti\'ai]i  f^nmewbnt.  Ttii*  upf^trpamd 
roaiuUMl  in  oihIpf  that  driftw^',.]  m^iv  paaa  over  wttlioiB 
Hiid  iiijun"  Uf  the  luiiBoury,  and  a  itiive  has  bp<»n  f;iv««iitiM 
facis  iiiHt4^atl  of  H  battier,  in  iinltT  to  fmnlilAt4^  Iht*  |ia« 
and  drift.  } 

Ylw  Hvvmniumyin^  ^M'ctioti  of  the  wi>ir  (tijr-  4S)  is  ttd 
iuirl,  FifMM5ri  find  ha«  txH^Ti  ml  up  ted  as  a  eoni'etiieiitJ 
wiiillk  fur  thf^  lop,  which  is<.*0|K^d  with  ashlar  IH  inchofi  th| 
block**  being  uot  l^jsm  than  15  ladies  wide?  and  weigh! ngabd 


J'i«,.  I-.     Cross  HTtion  «»f  Bet wa  W(»ir. 

'J'ho  l)()(ly  of  tlu'  \v(Mr  is  l)iiilt  of  ml )l)lo masonry  coui-stMl  o 
the  luiniiuiiiu  diiiKMisioiis  of  llic  stoiios  bciiijir  I>  iiK-lu\s  1( 
wide,  and  <*>  inelies  liiirli,  with  a  due  i)roportion  of  bond  i 
asldai*  is  set  in  ]\)rtland  cement  and  tlie  riil)l)le  in  nativ 
lime  cement.  Tlie  body  of  the  weir  api)earsto  be  nniieec 
and  lieavy;  especially  is  this  trnec)!'  the  ixwai  block  of  um 
is  [)laced  at  tlu»  toe.  The  cross  section,  however,  was  c 
the  engineers  to  l)e  necessary,  owin^r  to  the  steepness  of 
the  river  and  the  maijnitude  of  tiie  Hoods  whicli  it  disclia 
As  shown  by  the  accompanying^  plan  of  the  river  and 
crossing  it  (tig.  47),  the  latter  is  const lucted  in  three  difFei 
separated  by  a  large  island,  on  which  it  al)nts  in  one  plji 
rock  whi(*h  projects  above  the  surlacc  ol^  the  water  in  ar 
The  deepest  portion  of  the  channel  is  adjacent  to  the  let 
the  greatest  height  of  the  weir  aV  Uvis  y\o\uV,  iueludin^  foi 
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3.ewhat  over  60  foet.  At  the  too  of  tlie  weir  on  the  downstream  sl<)i)e 
»Tiilt  out  a  ^reat  block  of  masonry  from  15  to  1(>  feet  in  width,  wliich 
ZBtended  to  receive  a  portion  of  the  jar  caused  ])y  the  impact  of  the 
3Cl  crater  passing  over  the  weir.  Adjacent  to  the  left  bank  a  row  of 
derslnices,  four  in  numl)er,  are  constructed  in  tlie  weir  itself,  the 
ject  of  whicli  is  to  give  a  scour  past  the  canal  head,  tlius  keeping 
3  latter  free  of  silt.  The  canal  it**elf  heads  just  above  these  under- 
lices,  the  regulator  <*onsistingof  five  openings,  arranged  with  adoiil)le 
jr  of  gates,  one  above  the  other,  in  su<*h  manner  that  either  th<^  upiwr 


Fra.  4W.— Botwji  projiN-t,  jjIuii  of  rririiljitnr  ami  s«*Murinir  slniiVM. 


or  lower  series  maybe  us^mI  at  will  accord  iiii,^  to  llic  drptli  of  water  in 

the  resenoir. 

Below  the  portion  of  tlie  wcii"  ji<'ross  tin'  main  channol  is  con- 
structed a  subsidiary  wrir  at  a  <listanc('  ol*  p<'rliaps  l,4()()  f<H»t,  the 
object  of  which  is  to  back  tli(^  watci'  up  against  tlM»  main  weir,  thus 
producing  a  water  cusliion  on  which  the  floods  shall  fall.  The 
extreme  height  of  this  subsidiary  wrir  is  about  is  fr(»t.  aiid  th<»  lu'ight 
of  overfall  from  the  main  weir  to  the  watci*  cushion  foi'nicd  by  it  is 
aiX  f(^et,  though  in  lime  of  flood  this  will  be  reduced  to  s  feet.  The 
top  width  of  the  subsidiary  weir  is  li*  feet,  and  its  walls  are  nearly 
IRB  87—03 1:^ 
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vertical  on  the  downstmam  side  with  »  slopo  of  about  lOrni  h 
Ktream*     Thv  mnln  tindy  of  tho  w^ir  l>etireen  the  mland  and  ikii 
row  rifcht-bank  cluumul  \s  vory  low  aud  tlie  ov^erfall  is  onto  a  i 
rock  iMsd.     It  wa«  accordingly  not  necessary  t-o  coii,*ilniot  a  gulfewiitif  I 
Weir  below  this  port  i cm  of  tiiu  woir,  hut  across  the  riffht-bank  HiannM,  I 
Trhorc3  the  height  of  the  weir  nourly  approaehes  that,  at  the  «*xitfoi  I 
aft  bank^  a  saoondary  subsidiary  weir  has  been  coti«l nu-M  liij 
'  distane^  of  about  '200  feet  Ik^Iow  the  main  weir^  and  witli  \\w  m 
I       object  and  natnt^  ere,^t  k>v<^l  tm  tlie  subsidiary  weir  just  deserilied 

The  available  net  storage  dcpUi  uf  the  reservoir  m  21^  feel,  awiittl 
I       eapaeity  al>ove  the  canal  IkhI  is  ^jri^SOi)  i^cre-feet,  though  it  hfi^  l>™«' 
found  tliat  the  lower  fl  feet  of  dopth  is  of  little  service,  as  tin  b^sii 
I       above  i^  not  enough  t^  force  the  water  into  the  canal  with  soMd 
^  freedom  (o  make  it  praelioally  available, 

AVJff. 
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OLD  WCfP  RUSea:  MASONRY 
Fio.  50.— Automatic  drop  shuttors,  Betwa  flam. 

lu  1897  the  subject  of  increasing  the  storage  capacity  of  this  dam^y 
adding  automatic  drop  shutters  on  it^  crest  was  considered,  aud  tbe 
plaus  for  c<arryiTfg  out  this  work  were  finally  approved  and  carried  to 
completion  in  1001.  These  works  consist  of  two  parts,  nauiely,  tlu 
building  up  of  the  weir  crest  by  the  addition  of  1  foot  in  licight  of  tb 
best  rubble  masonry,  and  of  shutters  G  feet  high  placed  on  top  o 
these,  thus  making  tlio  total  increase  in  height  to  which  the  watt" 
can  be  raised  amount  to  7  feet  {fi^.  50).  By  this  means  the  gros 
increase  in  storage  capacity  of  the  reservoir  with  the  shutt<?rs  raise 
was  1,800  acre-feet,  which  is  equivalent  to  an  additional  nine  day: 
flood  supply  of  the  canal. 

The  shutters  are  illustrative  of  tlie  latest  Indian  practice  in  th 
design  of  automatic  drop  gates.  IVIorcover,  they  were  subjected  t 
the  unusual  test  on  completion,  in  1902,  in  the  form  of  an  extraoi 
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^ry  flood  of  970,000  seoond-feet  yolnme  instead  of  the  greatest  mazi- 
^  iiiitlcipat^^  of  700,000  seoond-feet.    This  flood  passed  over  the 

it  of  the  (lam  to  a  inaTiiniiTn  height  of  16.4  feet,  when  it  had  been 
If  ned  ouly  to  stand  a  iireyions  known  flood  height  of  6.5.  For- 
Lat^ly,  the  sUntters  worked  saocessfolly  and  rapidly,  and  neither 

r  nor  f^Uuttefs  sustained  any  material  injury.  These  shatters  are 
li  0  fe«t  high  and  12  feet  long,  and  as  the  length  of  the  weir  crest 
ifiiv  l^Hit  there  are  300  snch  dintters.    They  are  made  entirely  of 
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steel,  oonsisting  of  two  one-fourth  incli  plates  joinecl  along  their  mid- 
dle and  stiffened  hoth  longltudlnaUy  and  laterally  by  angle  iron  3^ 
by^hyi  inches  (fig>  51).  To  the  ilangea  of  tho  vertical  stiff eners 
I  piloted  l}~inch  tension  bars-  Tlie  other  end  is  similarly  attached 
to  anchor  bolts  built  2  feet  into  the  masonry  crest  of  the  weir.  There 
are  four  such  tension  barn  to  each  12-ffKit  gate*  Tlic  point  of  attach- 
ment of  the  tension  bar  and  shutter  is  so  designed  that  the  gates  fall 
automatically  with  a  given  depth  of  water  passing  over  them,  thus 
aeonrlng  safety  in  case  of  excessive  floods.    The  bottom  of  each  gate 
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IB  !«uppHed  with  four  at«el  shoes)  which  rest  upon  Blidlng  plat^^ 
\nt<o  the  weir  crest,  thtiB  reducinij  the  f  net  ion  a)  resistance  when  tht  j 
■  l^tHw  fall  (fig.  iH),     Woiiden  houlks,  4  feet  by  4  inebeef  are  fitted  to^ 
EiBie  eiHlw  of  the  shutters,  whicli  have  a  space  of  1  foot  »eparatinj>  Miem^  j 
whitrh  J*4  i*alked  when  tht*  gates  Hre  railed. 

If  the  'JiHJ  shutters  wer-e  to  fall  together,  the  «$)icK?k  would  ttndtUj 
fitmtu  the  weir  and  the  flood  vohitue  submerge  tho  river  bankn  below,  I 
Ileiit^  the  attach  men  t  of  the  tensif)ii  t*ars  has  lx*eri  m>  arranp^l  thai 
each  thinl  gate  fa  Ik  under  different  depths  of  water.  The  first  Ihinl 
fall  with  a  depth  over  top  of  2  feet,  the  next  with  3  fee«t,  aud  the  \^\ 
with  4  feet.  Thus  after  the  tirMt  tlilrd  fall  the  releit^sefd  wutor  re^luees 
the  U<K>d  <lepth,  and  tlie  Utter  must  iucre^ise  considerably  t<*  U^)  the 
second  third,  and  so  on.  It  was  not  anticipated  that  all  the  sh titters 
would  ev*^r  fall,  yet  this  occurred  iu  the  flood  above  uieutioiied- 

Careful  calculationa  were  necessary  to  determine  the  poinl  of 
attnehTiierit  for  each  group  of  shiitt<*rs,  and  as  a  fraction  of  an  meli 
wouUl  tnalf**  a  great  difference  in  upsetting  the  gate  careful  es peri- 
merits  were  miide  with  a  model  gate  to  defrermine  the  exact  |ifiint  of 
attacliment  of  the  tension  rods,  8o  as  to  liave  uniforiuity  of  len|fih 
of  the  latter,  the  pivot  holes  iu  the  shutters  were  arranged  in  an  artMif 
circle  at  the  i-equired  height  from  the  bottom  of  the  shoe  (fig.  51,  A). 
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The  nndersluices  which  are  constructed!  in  the  main  IwjhIv  of  thi* 
weir  opiKJSJte  the  canal  Ijcad  are  placed  at  ri^lit  angles  with  the  fa<^ 
of  the  canal  regulator  in  onler  Ui  glvi^  sufficient  seouralong  the  i*anul 
head  to  pr^^vent  the  il  epos  it  of  silt*  Tlie  height  of  the  fac*-^  Wtill  is 
given  a  margin  of  0  feet  above  the  calculated  afflux  level.  Tlie  undt'r- 
sluices  consist  of  four  vents,  the  bottoms  of  which  are  on  a  level  wiili 
the  sill  of  the  canal  and  are  each  IfU  l>y  l^iji  feet  in  dimeiisinns.  T}\r 
piers  of  the  undershiices  are  5  feet  thick  In  order  tosup|>cirt  the  *^nm\ 
Huperincamljt^nt  weight  of  miisonry.  The  abutments^  pien^,  arches. 
cut' waters,  etc,  are  of  ashlar,  the  rest  of  the  work  being  of  ruhbW 
masonry,  the  upstream  face  lK?inj^  poioled  with  Portlanii  ecmeot, 
A  XK^culiar  curve  la  jjjivcu  tu  the  upfjcr  face  of  tlie  piers  bctw'ct*ii  tin? 
sluice  vents,  formiiijur  a  venar-eontraclor  in  such  manner  as  to  pasi^tbe 
water  with  the  least  friction  through  the  sluicewaysj.  The  sluiei*s  nrt 
each  eloMcd  by  a  series  < if  two  phiiu  ilrii]i  gMt<\s,  the  tipsireani  s<*l  nf 
gates  being  o[»eraU*d  by  a  screw  by  menus  gf  hand  levers  from  alK>ve, 
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the  lower  openingB  being  closed  by  slash  boards  let  into  grooves  iu  the 
piers. 

The  gates  of  the  regulating  sluices  of  the  canal  are  of  such  cross- 
sectional  area  as  to  admit  1,000  second-feet  of  water.     The  number  of 
openings  in  the  regulator  is  five,  each  6  feet  in  width  by  5  feet  in 
height,  and,  as  before  stated,  are  two  decks  in  height,  being  closed  by 
Separate  gat^^s  in  such  manner  that  either  the  upi)eror  lower  series  of 
gat^is  may  be  opened  at  will,  accoi'ding  to  the  depth  and  jirosaure  of 
^'ater  in  the  reservoir.     Below  the  main  regulator  gates,  which  are 
operated  by  screws  by  means  of  hand  levers  worked  from  almve,  are 
*^  H<^t  of  two  safety  drop  gates,  which  are  raised  by  means  of  a  travel- 
^»ija:  winch.     The  accompanying  drawings  (fig.  49)  illustrate  some  of 
^^e  details  of  construction  of  the  regulating  and   flushing  sluices. 
T'lxese  regulating  gates,  like  those  of  the  flushing  sluices,  are  con- 
structed of  the  best  rubble  masonry,  finished  with  ashlar.     The  total 
^Ost  of  the  head  gates  and  flushing  sluices  was  $100,(.K)0,  while  the 
■*^4iin  weir,  inclusive  of  the  subsidiary  weirs,  cost  only  ^160,000. 

The  left  flank  of  the  river  is  protected  up  and  down  stream  by  a 

"^ing  wall,  the  former  140  feet  long  and  the  latter  75  feet  long.     The 

"Whole  length  of  the  wing  walls  is  founded  on  rock,  and,  excelling  the 

X>arax)et,  they  are  constructed  chiefly  of  rubble  masonry.     In  order  to 

avoid  inundation  by  the  afllux  caused  by  the  weir,  embankments  have 

been  constructed  on  both  sides  of  the  river.     The  top  width  of  these 

is  20  feet  and  the  center  of  each  is  hearted  with  a  puddle  wall  3  feet 

thick. 

The  Betwa  project  was  sanctioned  as  a  protective  work.  The  total 
exi)enditure  on  it  up  to  the  end  of  1901  was  $1,500,000,  the  total  reve- 
nues from  irrigation  were  $9,300,  and  the  total  working  expenses 
were  $30,000;  while  the  net  revenue  account  showed  a  deficit  overall 
receipts,  including  those  from  irrigation,  of  ♦20,000.  This  work  has 
been  in  operation  but  a  few  years  and  the  revenue  has  been  con- 
stantly increasing  in  amount  relative  to  the  working  expenses. 

PERIYAR  PROJECT. 

The  Periyar  project  for  the  irrigation  of  the  Vaigai  Valley,  in  Ma- 
dras Presidency,  is  probably  the  most  int.<^restiiig  illustration  of  the 
combined  storage  work  and  irrigation  canal  syst^MU  to  be  found  in 
India,  especially  as  it  was  sauct  ioued  as  a  i)rotective  work.  The  pro- 
ject (PI.  XXII)  includes  the  construction  of  a  dam  to  close  the  valley 
of  the  i^eriyar  River  to  store  .'300,000  acre- feet  of  wat(»r,  of  which 
150,(XX)  acre-feet  are  above  the  sill  of  the  outlet  tunnel  and  are  thus 
available  for  irrigation;  the  construction  of  a  tunnel  through  the 
watershed  dividing  the  valley  of  the  Periyar  from  that  of  the  Vaigai 
River  for  the  purjjose  of  drawing  olT  the  water  from  the  reservoir, 
with  the  necessary  sluices  and  subsidiary  works  for  controlling  the 
passage  of  the  supply  of  the  Periyar  down  the  valley  of  the  tributaiy 
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,  thie  Sooroolly,  by  whieli  it  reaches  the  Valgai;  aiiil  ft]ki]Ift^ 
i<*tioti  of  the  works  necessary'  for  t  he  re^ulatlotL  and 
FoC  thi»  i^upply  for  the  eonimaud  of  107,G50  aares  of  land 

%i  Vttlloy,  t>f  which  7**,  445  aere^  were  irrlg:ne#Kl  in  18W-ifc  ' 
rwatem  of  tht*  Pcriynr  flow^  westward  iiit4i  th<^  Arabian  Sca J 
\  thun  divortoci  acmsti  the  i>en insular  diviilo,  the  Ghauts,  to  theeast* 
11  Q^n^i  of  India,  whem  tht\v  onlc^r  tho  Bay  of  Bengal 
j  Tho  area  of  country  which  is  irrigated  by  t  bin  |>rojc*c*t  wafi  dus^'jnlMl 
w  Major  Tly\4^«,  U.  K.,  in  hia  early  rtjiport  on  the  projocl  in  Wu.  ^ 
01  ng  almul  l,i2(X>  Kquan?  mtleH  in  extent,  with  a  poptilaiion  f>f  i 
iilf  a  inillitni.     lTj»  in  thi'  pmsent  tinKt  irrigation  ban  liccn  praHia4^ 
eoin  native  lank.s,  mu^i  nf  wJiieh,  hiiwover,  have  In^eiimc  verjshii- 

low^  and  from  widck  tb  | 
waitle  of  water  by  i*va^ 
oration  la  at  lea^t  30  per 
ce  o  t ,     I  n  very  giKxl  j  i»aj 
the  Waaler  supply  f  mm  Uk 
Vaigal  lU^it  £s#nfficic«n 
to  irrignt^j  ^0,UOO  acim 
Agricultural    ojiectCktt 
in  thisi  region  are  lareb 
rewanUxi  by  a  {*ood«iQ|, 
although  the  buid  litpi 
wat^r   can    1>e   pftkTld<>d 
m    of    the    Tnoi:iit     fM': 
character.       1>  n  i  i  [  1 1[    ;  - 
famine   of  18T6  as  mucb   < 
lus     3^€tH>,tRX)      vaa    4?i- 
liended  in   relief  in  Ihii 
dit^trict. 

The  id  en  of  iitilmfi* 
the  water  of  the  Periyar 
for  the  irrigation  of  the 
Vaigai  is  an  old  one.  It  was  first  rejjor ted  in  1808  by  Sir  James  Cald- 
well, who  condemned  the  project  as  decidedly  chimerical  and  unworthy 
of  further  re<^ard.  The  sul)ject  was  occasionally  discussed  fn)m  time 
to  time,  hut  it  was  not  until  18G7  that  it  was  practically  brought  for- 
ward by  Major  Ryves.  ^lajor  Ryves's  proposals  included  an  earth 
dam  lf)2  feet  lii^h,  with  an  escape  crest  142  feet  above  the  river  IkhI, 
and  the  water  was  to  l)e  diverted  into  the  Vaigai  Valley  by  a  cuttiiii: 
having  a  maximum  depth  through  the  watershed  of  52  feet.  OUkf 
examinations  w(»re  nuide,  and  finally  a  project  was  sul)niitted  bv  Mr. 
Smith  in  1872,  which  included  a  dam  171  feet  in  height,  to  l)e  con- 
structed by  the  silting  process  and  having  an  escape  of  4(K)  feet  in 
lengtli  blasted  out  of  the  saddle  at  the  ri^lit  bank. 
The  final  project,  and  \\vcvVN\\\\e\\  \va^  \w^\\  ^^^vivvvvv^>;is^^s^s^vx^v- 
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come  of  further  examinations  made  by  Mr.  Smith  and  Major  Penny- 
cuick,  though  to  the  latter  are  due  most  of  the  later  details,  and  under 
Ixini  is  being  conducted  the  construction  of  the  "works.  It  was  in  this 
x-^port  that  Major  Pennycuick  submitted  the  first  proposals  for  the 
»iil>stitution  of  a  masonry  dam  for  one  of  earth.  These  final  proposals 
^^w^ere  submitted  in  1882,  and  included  the  construction  of  a  dam  (fig. 
S2),  located  at  the  same  point  as  that  chosen  by  Mr.  Smith,  7  miles 
l>elow  ;Major  Ry ves's  site,  the  height  to  be  155  feet  above  the  l>ed  of  the 
i'ivi^r,  and  tlie  summit  surmounted  by  a  parapet  5  feet  high  and  4 
"thick.  The  dam  projHir  is  12  feet  thick  at  the  top  and  ll'-ij  feet  at  the 
lo^vest  part.  It  is  constructed  throughout  of  concrete  composed  of  25 
I*a,rt4i  of  hydraulic  lime,  30  of  sand,  and  100  of  broken  stone.  The 
^^ont  face  is  covered  with  a  plaster  composed  of  equal  parts  of  lime 


Fio.  63.— Periyar  head-worka,  plan  of  dam  and  oscajpe. 

and  sand.  A  temporary  dam  30  feet  in  maximum  height  wjis  con- 
structed above  the  main  dam  and  a  similar  dam  10  feet  high  below  the 
main  site,  in  order  to  enable  the  latter  to  be  completely  cleared  and 
the  foundation  trenches  blasted  out  before  the  main  dam  was  begun. 
For  the  formation  of  wasteways  two  saddles  are  utilized,  one  on 
each  bank  (fig.  53).  The  one  on  the  riglit  bank  has  solid  rock  at  a 
minimum  level  of  154  feet  above  tlie  river  bed,  and  will  be  cut  down 
for  a  length  of  420  feet  to  a  level  of  144  feet.  On  the  left  ])ank  the 
solid  rock  is  at  a  level  of  104  feet,  and  the  saddle  will  be  built  across 
with  Similar  material  to  that  of  the  main  dam  to  the  same  level,  144 
feet.  The  wall  thus  formed  has  a  length  on  its  civst  of  403  feet  and 
a  further  length  of  97  feet  in  excavation,  making  500  feet  in  all.  The 
aggregate  length  of  the  two  wasteways  is  thus  1)20  feet.  At  a  d\a- 
tABce-of  60  feet  from  the  escape  wall  on  the\Q>l\.\ia\5kk.  Vb»\j\5^^X»^w^ 
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aldlary  wuir  10  feet  in  height,  with  il«  crest  30  feet  below  ih^  upin 
wftll,  thuB  forming  a  water  ctishion.  In  the  side  of  %h^  valky  t^ 
tary  of  tJie  Periyar,  jnint  above  the  ^am,  ii  cuttinff  waa  started  mi 
ht^ighi  of  in  fef^t  alx)V«*  tht*  river  lied  miinm^dowii  lowart!  tll4twj|tl^ 
i^hdl,  lM  fei*t  wkle  lit  bottom,  witk  a  fall  of  !  in  44(X  Tho  ilijpth  of  ihl 
cutting  HI  n*ek  b  5ii  ft^et  at  ii  cll«t4*iie*^  of  ^'y^40t>  ftjet  rrom  th**  iitArtti^ 
pomt,  whon^  it  JH  repliiecHl  hy  a  tiiiint!l  with  mii  tLVBa  of  Blf  mitnir^  f«t 
and  a  fall  i>f  I  in  75.  At  it#«  lowt'^r  <*nd  tho  tannel  mU  coininiioleil 
with  the  Ijod  of  a  »nuitl  strt^ani  by  a  tnittini^  simibir  to  tliai  ai  thi«  A)^ 
end,  KiiJ  feot  In  length,  the  total  h*ngth  of  the  tunnel  tw>tngf>,iMfei4 

Thi*  ro«?k  in  tho  rivor  iMid  and  on  the  watj<'i*Hhod  rid*^**  t%  a  haul  ^yi^ 
f r tMj  f ro in  J i H.S n n*.Ni  and  rin t t4i  1  >1  e  botl i  f f » r  a  i'o 1 1 n d «i t  i o n  f o r  th o  dani  is 
for  in  a  to  rial  for  itd$  construction*  Most  modern  dam^  of  any  niagn^ 
t  lid 6  hA V e  Iwe u  b u i  1 1  o f  u n <*o uraod  ni b b le  ma^^n  ry ,  M a jor  Penoycuid 
argues  that  "concrotei«  nothing  more  than  uneooraed  rubble aiasom] 
reduced  to  ita  Hlmpleiit  form."  Aa  regards  reaUtaoce  to  erus^hingorti 
percolation  the  value  of  the  two  mal^rial^  i§  ideatle^il;  he  fuithei 
saygf  **  unless  it  \m^  conaidertid  an  a  | joint  in  favor  of  concrete  tbAlft 
must  be  8<:>lid,  while  rubble  may,  if  the  aupervisiou  ^m  defectivo,  en* 
tain  void  «pacesj  not  filled  with  mortar.  The  sek^ctioii  depends^;  entirfl| 
upon  their  n>lalive  cotst,  the  quantities  of  materials  in  lK)th  being  pm^ 
tically  identicaK"  At  tJie  sil43  of  the  Pcriyar  works  skilled  lahor  & 
abnormally  expensive  and  difficult  to  procure,  while  tlie  facilities  tm 
tho  use  of  labor-saving  mat?binery  which  can  l>e  largely  used  m  tlie^ 
nianufactnie  of  coneitdfl  are  unugnally  gfc*at.  Accordingly,  aft4?r  fuU 
dj.scussion,  it  was  decided  to  adopt  concret,e  as  the  material  for  liie 
construction  of  the  dam.  Exctdlcnt  saud  i8  procunible  from  the  bed 
of  the  river  in  numerous  places  HlK>ve  th<^  dam. 

The  seel  ion  of  the  ^^scapcdam  (tig.  5l'}  on  the  left  bank  is  de^igu^^ 
80  that  the  line^  of  pit^gsurc  siball  lie  within  the  middle  thini  when  * 
d^^ptli  of  1:2  j'eet  of  wfitcr  is  passing  over  its  crest,  and  S(>  that  the  water 
shnli  have  a  eh^nr  fail  to  tiic  snrtaee  uf  tlic  untt^r  cushion  l>elow.  As 
before  stated,  at  a  distance  of  Ot)  feet  from  the  upper  escape  dam  is 
eonstnn^ted  am^nierdani  in  f<H*t  in  lu-iglit,  witli  its  ei"est;]o  feet  i»elo^ 
tliat  of  tlie  foruH^i'.  Tlie  drptli  uf  wuler  passing  over  tliisdarji  wiUlw 
alMmt  one  ami  one-lnilf  that  passing  over  the  upper  one,  so  tliat  ibe 
fall  from  surface*  to  surface  will  vary  from  l'4  to  .'^ofeet,  and  the  deptb 
of  water  cushion  from  10  to  28  feet.  Tlie  leugtli  of  the  right  bank 
wasteway  is  fixcnl  by  tlie  (|uanl  ity  of  stone  required  for  tlie  dam.  This 
quantity  is:],000,O()O  cubic  feet,  of  which  1,4()0,()00  are  brought  from 
tlie  watershed  cuttings,  tlie  cost  of  conveyance  being  less  tliau  that  of 
quarrying  at  tin*  dam  site.  The  l)alance  after  the  nmterial  has  lK*eu 
supplied  from  other  convenient  sources  is  1,()00,()00  cubic  feet,  to  l>e 
obtain<'d  from  the  right  bank  waste  way.  It  is  contemi)lated  that  a 
great  flood  will  raisi;  the  water  to  a  level  of  153.1  feet,  wliile  it  would 
take  several  times  this  dVsc\\aY^^^  \o  wvvsviW  Vv>  \v>;>  s^v^v^v.    'W^xsj^^^^v^wm 
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^^^^=m3  reconlcKl  ooenned  in  1869,  and  amounted  to  65,500  second-feet; 
''^^iiig  l3l,i'fXi  aore-feet  in  twenty-four  hours,  and  7,100  acre-feet  in 

^"rom  the  luoufh  of  the  watershed  tunnel  the  water  of  the  Periyar 

^^^s^s  by  minor  tributaries  into  the  SoorooUy  River  (PI.  XXII),  and  is 

^^^*^t,roUed  by  numerous  regulating  works  along  the  course  of  the  vari- 

^^fe  tributaries  of  the  Yaigai.    These  works  consist  chiefly  of  sluices 

^^  Rimpk*  f  onii,  their  object  being  to  pass  the  Periyar  water  around  the 

different  wi^irs  which  have  been  constructed  by  the  nativos  or  Govern- 

^mi  in  imst  times  for  the  utilization  of  the  water  of  the  local  drain- 

ibasm.     None  of  these  old  works  are  provided  with  head-sluices. 

[>rdiiiKl>\  the  regulating  sluiceways  which  are  planned  iu  eonnec- 

%on  with  the  Periyar  project  are  designed  to  discharge  the  iiiaximura 

aouiit  of  water  which  that  project  will  furnish  when  the  surface 

fel  of  the  stream  above  each  weir  is  flush  with  the  bed  of  the  exist- 

D^  ehanneL 

In  1&1*8  a  Stoney  patent  free-roller  gate  was  erected  at  the  tunnel 

%ead  to  replace  the  equilibrium  shutters  which  were  found  unworkable. 

3t  works  iu  a  cast-iron  frame  built  in  a  masonry  sluice  chamber  15| 

l>y  15  feet  io  plan,  the  sill  being  49^  feet  below  the  top  of  the  platform 

^md  87  feet  3  inches  below  the  full  lake  level.     The  gate  is  12  feet 

-9  inohes  high  and  9  feet  6  inches  wide  and  is  supported  on  20 

]jbIm  of  oast-iron  rollers.    It  is  of  j-inch  steel  plate,  suitably  braced, 

'!■  workBd  by  a  serew-lifting  gear  and  winch  and  is  balanced  by  a 

tKnmterweiicht  to  two-thirds  its  weight. 

Vrota  the  mouth  of  the  tunnel  to  the  junction  of  the  SoorooUy  with 
fhe  Yaigai  is  about  46  miles,  and  for  a  further  distance  of  40  miles  the 
water  is  conveyed  hy  the  latter  river,  no  works  being  required  in  con- 
nection with,  it  until  it  reaches  the  Peranny,  at  which  point  the  dis- 
tributive works  begin.  The  Peranny  weir  is  a  substantial  structure 
alxoady  existing  and  requiring  but  little  improvement,  the  only  altera- 
tions made  being  th^  closing  of  the  undersluices,  the  leveling  of  the 
crest  5  feet  above  the  floor  of  the  latter,  and  some  slight  additions  to 
fhe  wing  walls,  apron,  etc.  Two  main  distributive  canals  have  been 
planned,  passing  close  under  the  foothills  surrounding  the  plaius  about 
Madura.  These  and  their  branches  all  terminate  in  natural  drainage 
channels.  The  quantity  of  water  designed  to  be  carried  ])y  the  south- 
ern main  canal  is  1,500  second-feet  at  its  head,  wliere  (he  depth  is  G 
feet,  and  it  is  designed  to  irrigate  75,000  acres  of  land.  The  existing 
or  northern  main  canal  is  to  have  a  head-sluice  of  20  vents,  all  of  5^ 
feet  8i>an.  The  steepness  of  the  Yaigai  Valley  necessitates  tlie  con- 
struction of  numerous  drops  or  falls  in  both  the  main  and  bninch  chan- 
nels. For  the  passage  of  cross  drainage  there  are  in  all  20  inlets  and 
32  level  escape  outlets  on  the  main  canal,  l>esides  2  aqueducts  and  G 
culverts,  3  inverted  siphons,  and  other  works.  The  head  and  regulat- 
ing works  for  the  main  canal  and  a  secondary  channel  called  the 
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[mJC. 


Vetlacmiay  chaimel,  am  only  1,400  feet  apart.  It  is  neeeasaiy^  how- 
«vtM-,  that  b<ith  works  be  built,  for  tbo  ground  between  the  two  is  mn- 
fnvtirablo  for  an  open  channel.     There  lh^  miles  of  main  o&n&ltt  and 

164  milcis  of  diKtribataries. 

tThe  wat-er  supply  is  tlerived  from  the  Periyar,  the  draina^^  arr^ADf 
hich  is  3rKi  ntpian?  miles,  and  is  undoiibt-edly  Muffit*ient^     Tlic  **»t^ 
,  mated  rainfall  in  the  Periyar  VaLley  varies  l>etweea  G5  and  2W  indies 


/3^[      ^a/f'  fitsod  ie\^ei 


Prassuf^s  f&servo/r  empty ,  *^  fi>^per  sq^  /iac^ 


J- 
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per  annum  find  avonigt^s  V2^  inch  en,  while  the  depth  of  rnn-off  fn'H 
the  catelnaent  basin  is  41 »  implies-  Tiie  estitnated  dlsehar^e  of  th*^ 
rivf>r  available  f*n*  storaj^^e  is  7*jO,oriO  aero- feet,  while  the  los*^  by<'VHI^* 
oration  in  I'eriyar  Lake  and  in  ilie  In-dsf^f  iiie  Sf)oronlly  and  VaiiHii 
rivens  is  70jUnO  a^^re-k^eV,  Vnv-N u\*s^  *v.  \Kdant.'e  available  for  irrigatiuy^^ 

tie  lands  in  the  Valgai  VaWey  \s  v,v^>,^v^W  ^v^^^vi-l^siV. 


^VYs.  <CS?ftK^^Stt^*i*bv^A^ 


u.  «.  — OLOiflAt  tunvtv 
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A.     FOUNDATION,  TANSA  DAM. 


/?.     CARRYING  STONES  TO  BU\LD  TKHSK  \iK>^, 
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xi.o1>  over  7,500  acre-feet  will  be  required  to  fill  the  beds  of  the  rivers 
do'wn  which  the  waters  of  the  Periyar  will  be  i)assed. 

While  the  maximum  storage  capacity  of  the  Periyar  reservoir  is  esti- 
zxiAted  at  300,000  acre-feet,  the  total  available  storage  capacity  above 
tilie  silLs  of  the  discharge  sluices  is  but  150,000  acre-feet.  It  was  esti- 
xnated  that  the  total  cost  of  this  work,  including  the  latest  additions 
tJO  the  project  and  interest  charges,  would  amount  to  #2,804,000,  and 
"tliis  sum  has  been  expended.  The  works  were  completed  within  six 
years  from  the  time  when  they  were  commenced,  and  the  irrigation 
"^as  expected  to  be  fully  developed  within  ten  years  after  their  com- 
X>l^tion.  The  gross  revenues  are  estimated  to  l)e  ^350,000  and  the 
"^'orking  expenses  and  collection  charges  $G2,(XX).  In  1898-09  the 
STi'oss  revenue  was  $157,000,  the  working  exi)enses  *40,(X)(),  and  the 
^^^t  revenue  $108,000. 

TANSA  RESERVOIR. 

This  reservoir  is  designed  not  for  irrigation,  but  for  supplying  water 
*0  the  city  of  Bombay  for  domestic  uses.  It  is,  however,  constructed 
^^lX)n  the  general  principles  involved  in  water  storage  foi*  purjwses  of 


Fio.  65.— Tansa  project,  longitudinal  section  of  dam. 

irrigation,  and  the  dam  which  forms  it  is  of  such  great  size  and  excel- 
lent workmanship  and  design  that  a  description  of  it  here  will  at  least 
be  instructive.  The  project  for  the  construction  of  the  gi*eat  reservoir 
on  the  Tansa  River  for  the  storage  of  watA^^r  for  the  supply  of  the  city 
of  Bombay  was  first  brought  prominently  forward  by  ^laj.  Hector 
Tullock  about  1870.  The  plans  of  the  res(M- voir  and  dam  as  at  i)resent 
constructed  were  workinl  out  and  the  (joiist ruction  undertaken  by  Mr. 
W.  Gierke,  chief  enginc^er  of  the  water  suppl}'^  of  Bombay. 

The  Tansa  River  heads  near  the  summit  of  the  AVestern  (ihauts, 
where  the  rainfall  is  great,  ranging  from  150  to  lH)0  inches  per  annum. 
The  area  of  the  catchment  basin  above  the  dam  sit(j  is  but  52.1  square 
miles,  but  the  slopes  are  so  steep  and  the  precii)itation  so  great  in 
amount  that  the  discharge  is  estimated  to  be  about  8,00(),(K)0  cubic 
feet  per  day.  The  area  of  the  reservoir  is  5.5  sc^uare  miles,  at  full 
supply  level  405  feet  elevation,  and  the  maximuni  available  depth  of 
water  above  the  sills  of  the  disc'harge  sluices  is  20  feet.  Its  net  avail- 
able capacity  is  50,000  ac^re-feet,  less  18,000  acre-feet,  which  is  equiva- 
lent to  a  loss  of  G  feet  in  depth  by  evaporation  and  absorpt 
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leavini^  41,fl(W>  nore-t^et,  Th©  grosm  Hlorage  capafrtij  of  this 
m  far  grn.^ttt4T  tlmii  the  figmreii  iciTon  Hljovt%  and  mueli  moci 
could  1^  utiliziMl  if  It  were  neiMied  for  parposfiii  of  irrigatiBU  bf 
(*IT  tht*  di8charg<?  »hikn^*s  Ht  a  lower  otevatlon. 

Tilt*  dam  (figs*  54  and  55)  i.i  <*oiLHiniet4:Hl  of  the  be«t  uii<*«>iin 
bio  iiia!*o!iry,  laid  in  hydraulic  mortur^  which  %b  mmlv  near  \ 
sik?.  Tlu^  total  length  of  iu  crmi  Ib  now  8,800  feet,  but  nug 
lio  J*,350  fi*f*t,  of  whi(*h  1,1550  feM  ai*<*  uilUz<Hl  aju  a  visiHtt^nij 
Boitth  4'nd  uf  \Ut*  dam.  It  in  votmtnwUHi  in  two  Wiiig^^iiU  il 
niaiioe?  a«i  to  g()t  llici  Mhort^Ht  line  on  a  hetl-rcick  roitndattfia. 
taiigeut^  uu*^i  twnr  thx^  f*t^?Tif*?r  of  tho  dnm  in  a  sharp  rockf 
wlnt'li  projtK'ta  a  lit  Ik!  atwive  it^  en^8t.  Tho  top  of  the 
fCH>t  lw*low  tlifi  luaxiiimm  Hood  height  of  the  daiu,  and  the 
fhKHl  whh*h  will  hav(^  to  lie  waiit^d  i^  estimated  to  he  £il,QOtf 
foot* 

'l*he  total  coi<t  of  thia^  work  waa  a)Miut  aa  foHuwH: 

C03it  of  TarnHt  rrnrrrrtiV, 

Ccinn;»wtiHiiti*  jh  tor  laTt4 ,  t'tn  ...       . . , .    ..__,.    .  _    _  _  ^  _ 
Exraviitioui}  ti*r  fouudfttioaSi  4,<)tJl>,0WI  cnUo  £««t,  at  ^  eenta  per  i:^ 

yard  ._..  ^.. _..... ..-„..-. ,.,, 

Rnbblf^  for  iniuio&ry  f^  tlw  Oam,  10,000,000  oulxh  fb«l,  ttt  fai  |ier  c«U 

yard    .      .    .    --.•,,..,^ .,.,,,.,..* 


•  ■•■!*'#  4^*  tons   w>_«-  •-_^*  - 


Total.  

MASONRY  DAMS, 

It  may  he  ^a-m^ndly  said  that  all  of  thf^  inai^onry  dams  consi 
by  ludirm  t^ii^iur^^rs  \n  n  rent  tmics  liavt*  b^^on  desi^niiHl  a*^eor 
l\w  must  iipurnvrd  jtHKli^ni  fonimlas  and  th^  material  of  whh 
Imvt*  lH*eu  rnuHttnati^d  lias  lieoii  almost  iniiformly  iineuursed 
mftsiinry.  Thi*  raiiwa  djuu  ( I*K  XXV)  is  tho  most  lojg^ioal  iosti 
t.lio  usr  uT  lUK'tMii'sod  I'lihhli*  inasanry  throughout  with«Mit  any  c 
work  i'illn^r  in  \\n*  iiwin^  ur  1*011111^,  thut*  driving  an  almost 
<j:(mhm)iis  wall.  Mr.  \V .  Clerko,  chief  engineer  of  this  work 
tliat  tilt'  strains  dnc  to  shrinkage  and  settlement  in  a  dam  tin 
structcd  are  uniform  throughout  its  mass  and  have  little  or  ik 
to  rupturr'it.  Whereas  in  otlier  dams,  such  as  those  at  l)etv 
Bhatgur,  wIhmi^  a  dccq)  layer  of  eoui*sed  stones  ha,s  been  laid  ( 
of  the  eential  eoi'e  of  uneoursed  rubble  or  concrete,  the  liomo^ 
of  tho  wliolc  may  bedestroycnl,  owing  to  unequal  shrinkage  or  s( 
thus  dimi!iishing  tlie  etfeetive  cross  section  of  the  dam  bj'  the  a 
of  tlie  coursed  facing. 

The  l^eriyar  dam  is  the  most  logical  example  of  a  dam  const 
througliout  of  concrete  without  any  facing  or  other  niat<* 
destroy  ihc  homogeneous  character  of  the  material  of  wliic 
constructe<l.     The  great  dam  at  Bhatgur  is  an  example  of  j 
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structure;  all  of  the  upper  portion  of  this  dam  above  the  lines 
the  limit  of  pressure  exceeds  00  pounds  p^^r  square  inch  is 
noted  of  concrete  faced  with  coursed  rubble  mas(mry.  Below 
Lnt  where  the  limit  of  pressure  of  GO  pounds  ix»r  square  inch  is 
d,  the  material  used  throupjhout  is  uncoursed  rubble  masonry, 
however,  as  is  the  upper  portion,  with  coursed  stones.  Tn 
2g  up  this  structure  the  coursed  fjicing  and  the  int<»rior  heart- 
concrete  were  run  up  simultaneously  in  layers,  and  the  various 
esses  of  concrete  were  Ixnmd  toj?ether  by  the  insertion  in  them 
at  irregular  stone  blocks  which  projected  above  each  layer  of 
te  as  laid.  The  upi>er  10  feet  of  this  structure  jlbove  the  higli- 
line  is  comix)sed  entirely  of  a  filling  of  spoil  from  tlie  founda- 
md  this  is  inclosed  Ix^tween  the  coursed  facing, 
same  general  mode  of  construction,  a  combinjition  of  concrete 
ibble,  was  used  in  the  great  diversion  weir  at  Vir.  Thtj  gn^at 
am  at  Betwa  is  constructed  of  uncoursed  rubble  masonry  coui'sed 
h  faces;  in  addition  to  this  the  coping  is  of  th<?  Ix'st  jushlar. 
nirsed  facing  is  laid  with  headers  not  less  than  2  f(»et  long  and 
lers,  two  of  which  e([ual  in  heiglit  tliat  of  tlie  lieaders.  The 
al  used  in  the  rubblework  is  a  kind  of  igneous  granite,  very 
^nd  excellent  for  the  purpose.  Tlu*  ashlar  work,  however,  con- 
f  hard  sandstone.  In  a  few  cases  brick  has  been  used  for  the 
uction  of  low  weirs.  A  notable  instance  of  this  is  the  great 
ion  weir  at  Narora,  at  the  head  of  the  T^ower  Ganges  canal,  which 
itructed  abnost  throughout  of  bri(}k.  This  material  has  proved 
ly  satisfactory,  as  the  Narora  weir  is  not  very  high  and  has  to 
and  but  moderate  pressures.  The  material  used  in  the  c(m- 
ion  of  the  Tansa  and  Bhatgur  reservoirs  is  a  heavy  trap  or 
itone. 

cement  used  almost  universally  in  the  construction  of  works  in 
is  of  local  manufacture,  being  made  from  dirty  nodules  of  lime- 
which  are  found  in  the  clay  soil  distributed  very  generally 
jhout  the  country.  Tliese  limestone  nodules  are  called  kunkar, 
iien  burned  in  a  kiln  produce  an  excellent  hydraulic  lime  nearly 
ng  the  best  cement  in  hydraulic  properties  and  resistance  to  i)res- 
Ordinarily  these  limestone  nodules  are  comparatively  small. 
:^8t  hydraulic  cement  made  from  these  is  that  produced  near  Vir, 
head  of  the  Xira  canal.  Th(^  nodules  used  for  tins  are  scarcely 
igger  than  a  man's  fist.  In  other  pla(H»s  th(\v  are  much  larger, 
y  in  the  (ranges  Valley,  where  the  material  used  in  th(»  construc- 
f  the  Lower  Ganges  lu^ad-works  was  found  in  lumps  and  blocks 
ing  some  hundred  of  pounds  each.  For  the  manufacture  of 
ulic  cement  tlie  limestone  nodules  are  ]»urned  in  a(*ommon  kiln 
coke,  charcoal,  and  cinders  to  liydrauli(*  consisten(*y.  This 
ulic  lime  is  then  slaked  and  <*rushed,  usually  ])y  means  of  the 
•us,"  big  stone  wheels  drawn  by  oxen,  tliougli  occasiimally  in 
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modem  mnrt^ir  niixem,  and  in  then  mixed  with  ih^*  pruptft  pr 
%it  hand.  eiUier  in  the  uativi*  mnrtiir  iimrhlyo  ur  inort*  ii«iitaiUy| 
jin  Iron  morUr  mixer.  | 

Tito  fitoues  iiaed  ia  the  conitirtieUun  of  uncour^ed  rtitibl^  q| 
jyHi  rarely  1jinr**r  thnn  e»u  In?  carried  conveuiuntly  Uy  lwi»  4 
alttiiMl  all  labr»r  in  manual^  and  rarely  \b  carrying  TTiai^htnrqi 
Thii  methwl  of  (|uarrying  thentone  and  of  tran»|Kjrtingit  lij  m 
train wayn  LH  fislmlhir  til  that  omplayed  in  Amt*nra  and  Ktimp« 
rollnwing  are  a  few  fxf  nurtj^  frotn  uoli?«  ni*wh^  by  Mr,  A,  HilL  d 
tending  engitw^T  on  thti  Hhalgur  tlam^  on  the  tnasiinry  coo 
a(  that  work: 

In  ihi*  hmhig  thi?  tmmmry  k  laid  In  cunnfae^  i^acb  of  whirh  dnim  nv^\ 
jncihes  In  deptlit  n»  harf^  stfint^s  i&m  text  tr^^nblf^aom*^  tn  handle.  Tb^  i 
wittl^Hl  and  the  mortar  anil  i«tone§  ani  well  rammetl.  The  stonast  for  till 
an4  fm  Inrgfi  o^  am  Iki  i^tmvi^ut?nity  handlt^d  by  two  men,  while  the  «iual]( 
ttf^  bfokv^n  ap  for  ntf^tal  to  1)ci  used  in  making  cnncrete.  In  nncomisQd  fri 
tloiioa  totich  aUmjyr  Umh  whole  iiidt*(*,  ncjt  at  pomti  or  edge-*  merelf  *  ■ 
ehii w  ar«  umnl  Ixv  fll]  in  siiiinwi^s  lintw»*f?n  t!i<^  lariat  stones.  Ail  awkward  fM 
un*  ktiiHiktul  iift  antl  th^  stones  are  well  r»ininei1  intA>  the  lied  of  tnortari 
thf^y  ivm  laid,  and  which  nrast  b« at  l**aiit  \  uidb  In  thicknerts.  The avvn| 
of  theae  fttone*  1*  perhaps  1{K>  i^iinnrlji, 

Tlw  ctJncrfti*  t^made  of  hrokeu  metal  and  rivt*r  Kra^rel,  the  fnnKUir  J 
the  lattirr  nntv-fiighth  to  2  inches;  tlit^  pro^Ktrtion^  n^sed  am,  metal, 
1ft,  mt^rtar  1^*  The  concrt^te  ialaid  in  two  layers,  each  4^  ii^ 
and  riunmi^ii  for  twenty  niinntea  audono  hour,  reMpectirely,  and  isl 
wettvd  fitrat  least  twi>  wfoks^  tli-it  it  ii^ay  3^(4  prr>p^rly.  Thi'  cniiL-ret* 
both  hy  hand  and  mafhiiie,  the  hand  mixing  being  done  on  a  flcior  w 
tilt'  luarhinti  luixiu^f  in  Inm  Imrrek  or  mixers*  The  stonp  and  ^ave!  a 
hefinv  ln'inK  nnx*  iL  Briqiu*tfl  nf  C(>Tien»t*^  naed  on  thi^  work,  ITj  bv 
int'hi  s  in  ilinn/nMious.  aft^^r  six  nionths"  etettin^  niptnre^l  iinder  u  cmshii 
of  frnm  4fMi  io  ^<i^J  p<ninds  p^r  squsire  inch, 

111  makin>?  mi  Trtiir  unlj^  sliurp,  clear,  river  sand  is  nseil.     The  lime,  af 
IniTTied  to  liydr^mlif  I'oii  sis  telle  y,  is  i^laked  for  five  lumrs,  stirred  and  ^ 
thret^  htinrs  luoro,  »nd  then  <*leiiti  wet  .simd  is  added  in  the  iirir^ikjrtii'n  *>f 
•  stirred  iitaiin  fnr  two  niore  hour?i.     For  testing.  this<  is  made  into  I'-inil] 

britinets.  whirh  n re  kept  damp  and  are  allowed  to  set  f or  f ort y-ei^ht  ho 
whit^h  they  art*  ]iliii'ed  in  water  mi  til  testtni, 

[  Tlu*  f^diiwing  nm  average  tests  of  mortar  niadci  in  tljis  wjiy  j 

!  ^^"r: 

^  -Irrrfige  fr',v^*t  af  morfftr  fit  Bhut^ttr. 

A^e  r3  moiitlis.  ernshing  weight  ]ier  s^inare  inch,__,,  ^._,..^,_ 

A^i '  1*  mi  >nt  hs,  rnifihi  n^*^  weight  \  ^vr  t>(  jinin*  int-h . , , , .  v ,    -^ ;;;_...  ^^  _. . 

Aj^e  <1  mi inths,  erushinif  wei^^ht  per  aqnare  inch .__. ^,__. 

I  Age  J^  raoiithfei,  f  noshing  wei  glit  jwv  smnare  intii , ^ , 

Age  1  to  :j  muntli?^,  cru4iitig  weight  jwr  srpiare  int*h      . .  -  ^ . . . .  _ , 

Sonii*  Ijrivim't.tejH  Htmhl  as  high  a  eruwhiug  weight  aw  IJfHi 
per  sqnure  incdi  wljen  ouo  year  old.  The  hydraulic  mortar  use 
gtveg  ov<Mi  littler  results.  SevcM^al  hriqiudtes  of  niorljtr  mar 
and  mixed  in  proportion  tif  1  to  1  ami  from  ei^^ht  juuniht*  \v  u 
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required  a  crushing  weight  of  1,500  pounds  per  square  inch  to 
""'tore  theip.     Vir  mortar  mixed  with  2  of  sand  to  1  of  h^'^draulic 
^  breaks  at  800  pounds  pressure  per  square  inch.     ITie  mortar  used 
le  construction  of  the  Tansa  dam  showed  an  average  crushing 
igth  of  800  pounds  per  square  inch,  though  numerous  specimens 
a  test  of  from  1,500  to  1,800  pounds  per  square  inch. 
t  the  head  of  the  Ganges  canal  in  the  Northwest  Provinces,  the 
•^srete  blocks  used  for  groins  in  retaining  works  and  for  dams  are 
peculiar  composition,  as  hydraulic  lime  is  scarce.     They  are  com- 
of  1  part  quicklime  to  3  parts  of  broken  stone  (about  1-inch 
t)  and  2  parts  of  brick  dust.     These  blocks  are  not  very  strong 
hydraulic.     At  this  place  the  blocks  which  are  used  under  the 
ir  and  subjected  to  the  greatest  pressure  are  composed  of  hydraulic 
e,  2  x>arts;  sand,  1  part;  broken  stone,  3  parts.    The  Periyar  dam, 
"ich,  as  before  stated,  is  constructed  throughout  of  concrete,  is 
[gned  to  withstand  a  limit  of  pressure  of  9  tons  per  square  foot. 
e  quantities  of  material  have  been  estimated  on  the  supposition 
it  every  cubic  foot  of  concrete  will  require  00  cubic  feet  of  solid 
»ne,  plus  10  i)er  cent  for  wastage,  to  25  cubic  feet  of  unslaked 
hydraulic  lime. 

DESIGN  OF  DAMS  AND  WEIRS. 

^^  As  stated  in  speaking  of  reservoirs  and  storage  works,  the  Indian 
'V^jBgineer  designs  the  cross  section  of  the  dam  on  some  theoretic  pro- 
~^>lle  which  will  be  most  stable  and  economical.  All  of  these  are  sim- 
^^^^^^3flsr  to  the  profile  which  has  recently  been  discussed  and  described  by 
^"""^Hr.  Edward  Wegmann  in  his  treatise  on  the  *' Design  and  construction 

^of  masonry  dams."  Modified  formulas,  based  on  Rankine,  Delocre, 
Krantz,  or  Bouvier,  are  generally  used.  Little  value  has  been  given 
:::-  to  methods  sometimes  adopted  of  constructing  the  dam  on  a  plan 
:ir::  curved  horizontally.  None  of  the  high  dams  seen  in  India  were  suffi- 
^'  ciently  short  to  have  been  curved  in  this  manner.  A  formula  for  the 
"^  design  of  cross  sections  which  is  generally  employed  by  Indian  engi- 

~  neers  is  that  which  was  worked  out  by  Mr.  Guilford  L.  Molesworth  in 
1883,  and  is  as  follows: « 

A  vertical  line  being  drawn  from  the  top  front  edge  of  the  dam  to 
the  base,  Y  is  the  width  from  this  line  to  the  rear  face  and  Z  the  cor- 
responding width  from  the  line  to  the  front  face  at  any  distance  from 
the  surface  of  the  water  or  from  the  top  of  the  dam.  Y  is  f urtlier 
equal  to  0.6a;  as  a  minimum;  X  is  the  limit  of  pressure  of  the  masonry 

in  tons  per  squan?  f(H)t;  11= top  height  of  dam;  a=Y  at       from  the 

4 


top;  B=trop  width  =  '^. 


aBoorkee  Profeesional  Papers,  Boorkee,  India,  1888. 
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Tlio  itcoomimnyiiig  <littgnim  (ftg.  5G)  shows  how  this  foranil 

HIKhI,     It  Is4  inteudetl  W  set'iiro  the  requisite  stability  at  the  I 

when  iht*  reservoir  is  ompty  hu«1  at  the  rear  face  when  it  is 

Thin  formulii  uf  Mr<  MolpAworth's,  which  has  created  considenbh 

KeuHi^tlon  among  Iii<Hftii  *^n^ineers,  is  considered  an  excellent  eiopa 

H|tgmula  for  ^itiumil  ii»ir.    Alujur  I*eiiJiyciiiek»  who  deelgaed  Ui&Pa 


f  masonry  dam,  Molesworth's  formula. 


dam,  suirgestod  a  soiiunvhat  different  formula/'  and  General  Mu 
in  his  Manual/'  pi-oposes  a  modification  of  Molesworth's  for: 
which  mav  be  i^enerallv  stated  as  follows: 


//  =  /;  4- 


/     .05  [x-hf 
Va4-.05  (a— 12) 


(a-12) 
with  li^-Vl^  or  for  smaller  top  widths. 

^  V  A-f  .05  (x-12) 

and  adjusting  the  part  above  .r=12  to  the  top  width  selected. 

For  weirs  witli  water  cushions  the  deptli  of  the  latter  is  soni« 
determined  from  tlie  formula  jy  =  ("\/]rWd  in  wliich  D  represei 
depth  of  the  cushion  below  the  top  of  the  retaining  wall;  c  is  a 


«Poriyar  project.    Records  of  the  Government  of  India,  No.  CCXV,  Calcutta,  1S86. 
ftMullins,  Lieut.  Gen.  J.,  Irrigation  Manual,  E.  &  F.  N.  Sj>on, London  and  New  York. 
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mty  the  value  of  which  is  dependent  upon  the  description  of  the 
Vierial  used  for  the  floor  of  the  cushion,  and  varies  between  0.75  for 
pipact  stone  and  1.25  for  moderately  hard  brick;  h  is  the  height  of 
m  fall,  and  d  is  the  maximum  depth  of  the  water  to  pass  over  the 
■ir  crest.  The  width  of  the  floor  of  the  cushion  will  depend^ome- 
aat  on  the  section  of  the_weir,  which  need  not  exceed  8\/r/,  and 
oald  not  be  less  than  GVd.  For  works  with  a  vertical  drop  and  a 
^lizontal  apron  on  the  same  level  as  the  retaining  wall,  this  iua.sonry 
•ron  should  be  formed  of  fairly  regular  blocks  of  stone  or  of  l^ort- 
nd  cement  concrete,  the  width  varying  as  just  given,  and  the 
dckness  or  depth  of  stone  from  one-fifth  to  one-fourth  of  h+d. 
It  is  difficult  to  find  any  set  rule  for  determining  the  depth  of  the 
ater  cushion  by  the  height  of  the  fall  and  the  volume  of  water.  At 
Le  Gairsoppa  Falls,  in  the  Western  Ghauts,  the  Rajah  Fall  lias  a 
oar  drop  of  825  feet  in  height,  and  the  pool  into  which  it  falls  is  138 
t-et  deep  at  low-water  stage.  The  greatest  depth  of  the  hole  formed 
l^the  waterfall  in  the  new  outlet  of  the  IVludduk  Masur  tank  is  24 
►et.  In  ordinary  states  of  the  river  the  general  depth  of  the  water 
oshion  is  to  the  height  of  the  fall  as  to  3  to  4  wliere  the  greatest 
Stion  takes  place  and  1  to  2  in  other  places.  An  experimental  fall 
Q  the  Bari  Doab  canal  had  a  height  of  6.0  feet  and  depth  of  well  of 
feet,  and  3.6  feet  on  crest,  which  gives  the  depth  of  the  well  to  the 
eight  of  the  fall  as  3  to  4.  The  water  had  no  injurious  effect  on  the 
ottom  of  the  well.  The  subject  of  water  cushions  is  one  which  is 
ot  very  well  understood,  though  these  are  very  extensively  used  in 
Ddia.  They  appear  to  be  a  most  effective  and  interesting  addition 
>  nearly  every  weir  where  they  are  placed,  greatly  increasing  its 
Lability  and  firmness. 

COST  OF  LABOR  AND  MATERIAL. 

It  has  generally  been  held  that  owing  to  the  great  relative  cheap- 
B88  of  labor  in  India,  compared  with  that  employed  in  the  United 
bates,  few  lessons,  especially  of  a  financial  character,  could  be  drawn 
■om  a  consideration  of  the  results  of  Indian  irrigation  works.  The 
»ports  on  the  returns  derived  from  Iudi<an  works,  the  percentage  of 
refit  gained  or  loss  incurred,  are  not  of  the  most  encouraging  char- 
»ter.  A  thorough  examination  of  this  matter,  both  in  the  field  and 
I  the  reports,  has,  however,  allayed  any  doul)ts  which  I  had  on  this 
ibjeet,  and  leads  me  to  ])elieve  that  yet  bettor  results  may  be 
jtained  in  the  United  States,  even  in  comparatively  uninhabited 
jgions. 

As  was  shown  in  the  earlier  part  of  this  report,  tlie  returns  derived 
I  India  from  works  constructed  with  borrowed  capital  on  such  works 
}  the  perennial  canals  of  the  Northwest  Provinces  show  profits 
trying  from  4  to  20  per  cent  jwr  annum.  It  was  also  shown,  how- 
rer,  and  this  is  the  least  promising  j^hase  of  the  investigation,  that 
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dirt.  «*»!>' I*  'l*^ii|i^nv  to  mAk^  tlw^  native  laU>r  ♦-ipe-asivif.  T 
ro«^Jf  •*iii|>lor*^i  '•/  f-arnrioff  com  pa  rati  vr  I  r  ^tuall  stont*;*  fur 
r»Tnitf*Tii»ti  iif  2r*?at  «iam^.  t^ttsistiiiE  of  tyinir  ropes  antanU  thf 
AfiA^hiiii;  "b^-m  tu  imA*r^  haling  iheiu  lifted  onto  men^s  shimld 
ihr  a** I  Mf  iL*w*i>taiit>,  then  niakm^  a  slow.  pli>Ming  journey  i 
nfone  |ii]«*^  tnlh«*  t«i[i  of  tin*  dam,  ^11  ivnd  to  toerc-a^^  the  expeuj 
la  firir  I  -ni  ( 4i  it  f^  I  <  s-h-  P  L  X  X I V ,  ^  i  .  I  n  l  lie  con^t  ruct  i  a  ti  <  >f  mu 
in  rh*'  l.'niU'^)  Stati*^.  TXuii'hiDerr  would  dig  the  c*azials  in  sr^ 
aod  »  vi^oriirift.  ^klli#Nl  workman,  ii^itig  with  intelligence  UIhi 
appl  in  D i***i»,  wn  II J f  I  m  a  ^la r  aceom pi  ish  nia ii y  t i mes  t  he  a  ai  on n  t 
tliat  JH  tli>*je  by  th*?  Indian  ('m>Iy.  In  every  individnal  ojiei 
**eerj  the  HloirneKs  of  uhUv  lueihiMlH.  If  it  lie^indini:^  njorT 
walk  in  u  firel*^  drfiwioir  h  litrge  stone  wheel  attaehc?d  to  a 
U'jtirjj  wliirli  lii^Kirtotisly  nnt]  nlowly  *^rJndsthi*  mortar  ti>  theo 
<  ^a  1 1  n  r  rnn  f  n '  ^  ri  i)  d  r*  t  li  e  <  ji  I H  rt  z .  i  h  viis  ion  a  U  y  a  mod  i^rn  mo  rt : 
>«Xin  ojK'raMnt:  U^^mile  tlie  riiilive  churns  and  doiD^  in  a  few 
tJii-  wnrk  whtrli  th*?  I;itt<'r  take  Ijuvir^  ti» accomplish.  In  the  bla 
Mhop  luilf  n  doxeii  mm  are  iKH^dcd  to  perform  the  w*>rk  of  on 
for;(e  \H  UU  fw'n  by  a  htty\  who  [*umps  air  through  a  eon  pie  ui 
\m^H  h*"JM*uth  hi,**  ariiifi,  tiikiu^  TJim*h  more  time  to  en?ate  ll 
dt^ifi^'i*  of  hent.  than  a  m«jdern  blat-ksnuth's  l>ellows  would  req 
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k^  works  constructed  in  India  are  invariably  of  the  most  substan- 

[>nry  and  will  last  for  centuries.     Along  the  roads  and  rail- 

the  smallest  bridges  and  culverts  ai'e  constructed  of  stone  and 

On  the  canals  the  least   important  regulator,  aqueduct,  or 

is  likewise  constructed  of  the  best  masonry  for  all  time.     In 

onst ruction  of  such  works,  iron  and  timber  would  be  extensively 

for  bridges  and  aqueducts,  or,  as  we  call  them,  flumes,  and  for 

»•  parts  of  the  head-works  and  works  along  the  canal  lines,  thus 

wtAy  reducing  the  cost. 

lother  great  expense  incurred  on  Indian  works  hasl>ecn  the  effort 

^labine  navigation  with  irrigation.     This  effort  has  been  conipara- 

"]^&X;y  unsuccessful  if  viewed  from  the  light  of  the  modorn  re(iuire- 

^^atis  of  a  country  possessing  good  railways  and  wagon  roads.     As 

■■^Boxe  stated,  in  order  to  make  the  canals  navigable  their  expense  is 

^^•fctly  increased  l)y  the  construction  of  l(K*ks  tlirougliout  the  wliole 

^^gth  and  of  parallel  canal  channels;  of  bridges  of  greater  head  way, 

^     order  to  admit  boats  to  pass  under  them;  and  of  expensive  aque- 

^<St8  or  similar  works,  instead  of  the  cheaixM*  contrivances  which 

Jht  be  used  if  navigation  were  not  practiced.     Above  all,  naviga- 

i  entails  great  loss  of  water. 

In  the  neighborhood  of  Poona  labor  is  perhaps  as  cheap  as  an}' where 

^    ^^  India.     It  is  performed  b}-  all  classes,  ages,  and  sexes,  the  more 

^killed  laborers,  as  masons,  carpenters,  and  blacksmiths,  usually  being 

-  ^jtown  men.    Most  of  the  burdens,  as  gravel,  sand,  mortar,  and  mate- 

?^bIs  which  have  been  excavated,  are  carried  away  on  the  heads  of 

^^omen  and  children.     Common  labor  is  paid  about  8  cents  ix^r  day. 

•  ^lasons  and  carpenters  get  from  10  to  20  cents  a  day,  while  a  laborer 

^Srith  a  team  of  bullocks  gets  25  cents  a  day.     On  the  Bhatgur  dam 

^^onkeys  and  bullocks  were  frequently  used  as  pack  animals  for  carry- 

^^jf  stones  and  earth.     A  donkey  will  carry  a  cubic  foot  of  stone  per 

'^arip  and  earns  6  cents  a  day.     Common  laboi'ers  were  paid  8  cents, 

>l^OTiien  and  children  4  cents,  and  skilled  laborers  20  cents  per  daj'. 

^t  "was  estimateil  that  8  skilled  masons  could  lay  and  dress  3  cubic 

^ards  of  masonry  per  day  on  this  work.     Owing  to  the  slow  mode  in 

"^irhich  the  work  was  conducted  it  was  ne(*ossary  to  employ  a  great 

:^uinber  of  laborers  at  one  time,  so  many  in  fact,  that  a  large  portion 

^>f   them  were  frequently  idle  through  interference  with  one  another. 

^Vl>oiit  2,000  men,  woukui,  and  children  were  engag(»d  on  small  portions 

of   the  dam  at  once  and  tin*  daily  rate  of  progress  was  about  5,000 

eubic  feet  of  rubble  and  concrete  work  and  1,000  cubic  feet  of  course 

inaHonry  facing. 

At  Tansa  the  work  was  done  by  contract,  and  the  prices  paid  were 
a  little  higher  than  elsewiiere.  Rubble  masonry  cost  ^-i  p(»r  cubic 
yard^  On  Lake  Fife  and  Bhatgur  the  sami*  class  of  good  uncoursed 
rubble  masonry'  cost  but  i'2  p(»r  cubic  3'ard.  On  the  Tansa  dam  over 
5,000  people  were  at  work  at  one  time.     On  the  Betwa  canal  earth 
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nscosvAtion  in  d^ep  eutu,  not  exGee<lin^  40  feet  tn  depth.  eo6t  \m 
r^Tits  fier  cubic  yiinl;  iiiirfiM?e  eipavatiijo  in  earth  with  ^hon  hatil 
3  ceut«  i>erfiubic  yanl;  iineaursiMi  rnbhk*  Dia8<j]iry  ocM?t  tiJ^Mper 
yard;  winrsod  rubbk*  masonry,  46,25  |i©rcabk  yard,  ami  dr«»«e4 
lar  work  (^^l^.'jO  per  cubic  yi^nl^  On  the  Periyar  wi>r)ts  thi^  mtiV 
price  of  uij»kUb*d  lalK>r  wtwi  IL*  ccnlj*  per  day;  fur  jspeebil  work, 
m^  fi*eding  machinery,  et-e.,  the  <?CK>Ii©ft  were  paid  20  creiite  per 
while  hea<l  WM>licH,  arti»iaii»,  etc*,  wore  paid  fi-otn  30  tA>  00  centii 
All  kindii  of  njaU*rbil  other  than  thcw^e  found  in  the  count 
are  mcmi  exiwiisivi^  in  India.  Coal  in  usually  brought  frotii  E 
at  a  flost  never  Ik^Iow  120  ihjv  ton.  Iron,  steel,  and  mathini^ft 
rt^lativfdy  very  exp€mj*ivt\  n^  \m  Portland  cement  and  wo<^\  r-f  <;vrn 
kind,  In  fa<?t,  masonry  work  i^  generally  cheaper  tlian  wimhI, 
inin  i*i  always  dearc*r  than  masonry.  The  |fr<*at  cheapness  nf  m 
is  owinj?  tii  two  cauwcH— H'heapnesw  of  labor,  and  chcapm  x^ 
hydraulic  lime  wluch  i**  nianufaetured  in  the  country  almue^t 
ably  near  the  KitA^^  ot  the  work  which  is  l>tdng  constructed.  On 
Periyar  work  drilling  cost  $\0  jxt  liundri^Kl  runniTii^r  f^^t  of  drill  I 
ft! id  the  labor  of  quarrying;  including  plant,  1m » ring,  dynaunto.  mi^ 
all  t>ther  ex[H>nst*a,  amounted  to  ^iboul  85  cenl^  per  cubic  yard,  k>r 
mui^h  as  It  would  in  the  Westt^m  Stat^  of  ^Vnieriea,  On  the 
work  in  ttinncling,  the  headini;  cost  10*50  per  cubic  yart],  and 
enlarging  the  tunnt?l  $2My  |R?r  cuhia  yanl  waa  paid^  Hine  cftwt  ILI& 
per  cubic  yard,  ssmd  40  cents  per  eubio  yard,  and  eoncrete  cost  IITT? 
per  cubic  yanl  laid  in  place.  Of  minor  items^  the  removal  a f  t^arti 
or  cutting  c o8t  1 1  .|  ci* n t  m  pe  r  eu b i e  >■  a n  I ,  stee  1  1 5  ce n  t  s  | k* i^  p^ju  n d ,  an*t 
wrought  iron  8  cent^  |K'r  pound.  On  the  Sidhnal  Canal,  in  the  l^^iii- 
jiib,  tHJncrclc  cost  ^KSn  p<tp  (v^|^i^.  yjinl,  ruldilc  mriMmry  ^:?.l'!  pr 
cubic  yard,  and  brick  1>5  cents  piM*  liundred  laid  in  lime  iiiorUir. 
Eai'tli  excavation  cost  4^  cents  per  cubic  yard,  and  tlie  best  hydraulic 
lime  cost  $2.50  per  cubic  yard  to  manufacture. 

TANKS. 

Tanks  wi^re  constructed  in  great  numbers  by  tlie  nativt^s  of  India 
many  centuries   ago,  and    in   some   places,   not<il)h'  in    central  and 
southern  India,  in  the  Deccan,  Madras,  and  Mysore,  there  are  iinraeiii^ 
numbers  of  them.     These  old   tanks  were  usually  rude  in  construc- 
tion, little  care  having  been  taken  to  economize  in   labor,  and  as  a 
consequence  the  dams  constructed  were  usually  made  niucli  heavier 
in  cross  section  than  was  necessary.     In  recent  years  the  British  i*n?i- 
neei*s  have  constructed  several  verj'  large  tanks,  tliougli  many  of  the 
liiglier  dams   have  masonry  cores.     The  conditions  controlling  tk 
location  of  a  tank  are  similar  to  tliose  before  described  for  reservoirs. 
The  water  supply  must  be  adequate  to  fill  the  tank,  the  location  must 
be  such  that  a  suitable  dam  can  be  constructed  at  a  reasonable  cost, 
and  an  ample  wasteway  must  be  provided.     In  the  location  of  the 
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■steway  for  a  tank,  even  more  care  must  be  exercised  than  is  ne<»e8- 
mxy  for  a  reservoir;  for  if  the  water  be  permitted  to  rise  too  high  on 
^e  dam — or  much  worse,  if  it  is  allowed  to  discharge  over  it — it  will 
^eedily  cause  its  destruction  if  it  is  built  of  earth. 

It  is  desirable  always  to  allow  waste  water  to  flow  off  by  a  side  chan- 
wAy  which  may  be  closed  by  a  low  rock  or  crib-work  weir,  or  may  eon- 
cat  only  of  an  open  rock  cut.  By  such  means  there  is  no  danger  to 
id  dam  of  having  the  shoi'k  of  water  falling  over  it.  It  may,  how- 
ler, be  necessary  to  have  a  nuisonry  wasteway  constructed  in  the 
mm  itself,  but  this  is  not  advisable  and  is  generally  avoided.     Such 

wasteway  is  usually  made  by  constructing  a  i)ortion  of  the  dam  of 
aasonr>%  the  top  of  which  is  a  few  feet  lower  than  the  rest  of  the 
Lam.  When  the  catchment  of  the  tank  is  small  it  is  possible  to  pro- 
'ide  for  wasting  flood  waters  through  an  outlet  or  discharge  channel 
Q  the  dam  itself.  Such  a  discharge  sluice'  is  necessary  in  onlor  to 
[raw  oif  the  water  for  irrigation,  and  must  be  of  sufficient  capacity 
0  empty  the  tank  in  the  shortest  irrigating  season.  The  level  of  the 
111  of  this  outlet  sluice  is  generally  that  of  the  Ix^d  of  the  tank,  but 
liere  are  oc^casionally  constructed  one  or  more  higher  outlets  to  irri- 
ate  lands  which  lie  above  that  level.  These  sluices  ai*e  expensive 
'orks,  and  require  a  well-constructed  masonry  or  iron  conduit  to  be 
arried  through  the  dam,  emptying  into  the  canal  at  one  end  and 
3ceiving  its  water  supply  at  the  other  end  through  a  well  or  water 
>wer  from  which  its  admission  can  be  controlled.  It  is  usual  to  make 
lie  outlet  tunnel  of  good  masonry,  and  it  must  not  be  smaller  than 
i  feet  high  by  2  feet  wide,  in  order  to  permit  a  man  to  go  through  it 
0  examine,  clean,  or  repair  it,  if  required. 

One  cause  of  the  frequent  breaching  of  Indian  tanks  is  that  great 
.umbers  are  often  constructed  in  one  valley,  the  bed  of  one  begin- 
ling  where  the  cultivation  of  that  of  the  next  above  it  ends,  so  that 
he  breaching  of  one  often  results  in  the  destruction  of  a  succession  of 
hose  below  it.  Regarding  the  depth  of  tanks,  if  they  be  shallow  a 
^eat  loss  of  the  stored  water  is  sustained  through  evaporation.  Shal- 
ow  tanks  are  never  intended  to  hold  more  than  water  enough  for  one 
;rop.  In  India  aquatic  plants  which  grow  from  the  bottom  in  shallow 
anks  are  injurious,  while  those  which  spread  on  the  surface,  like  the 
otus,  diminish  the  loss  by  evaporation.  When  water  is  not  deeper 
,han  7  or  8  feet  the  rays  of  the  sun  can  penetrate  to  the  soil,  and 
growth  of  aquatic  plants  is  the  consequence.  In  the  smaller  tanks, 
ntended  to  cultivate  limited  areas  of  land  immediately  below  them, 
,he  most  economical  height  for  the  dam  on  gently  undulating  ground 
Inhere  there  is  a  natural  and  long  slope  to  the  rear  has  been  found  to 
>e  from  10  to  25  feet. 

In  the  construct  ion  of  modern  tanks  the  same  precautions  are  usually 
Aken  and  the  same  detailed  investigations  made  as  for  a  reservoir 
project.    The  catchment  basin,  the  discharge  of  the  streams,  the  rain- 
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n  accident  is  obtained  by  raising  a  low  masonrj'  parapet  on 
er  edge  of  the  slope,  paving  the  top,  and  giving  it  a  slight  dip 

to  prevent  the  settlement  of  water. 

number  of  disused  t.anks  is  remarka])le.  Many  are  not 
ed,  but  the  discharge  sluice  is  left  open  so  that  no  water  is 
id.  In  many  cases  this  is  probably  owing  to  the  bed  of  the 
aving  been  gradually  raised  by  silting  and  thus  converted  into 
luctive  a  soil  that  it  yields  as  much  as  or  mor(»  than  could  be 
jd  by  means  of  a  diminished  quantity  of  water  applied  to  the 
•atively  barren  soil  below.  An  example  of  one  of  these  old 
thus  abandoned,  but  capable  of  restoration,  is  the  jMadag 
tank,  l)elieved  to  have  been  constru(*ted  about  four  centuries 
't  was  formed  by  an  embankment  rising  from  the  sides  of  a 

gorge  through  which  the  Choardy  River  passed,  and  was 
uented  b}^  two  dams  in  saddles  on  a  range  of  hills,  that  on  the 
nk  1,350  yards  and  that  on  the  west  700  yards  from  the  main 
le  length  of  the  latter  IxMug  1,050  feet.  The  inside  slope  of  1 
in  some  parts  1  on  3,  was  revetted  with  large  stones  up  to  a 
^ard  in  bulk.  This  dam  is  from  045  to  1,100  feet  wide  at  the 
id  is  now  from  91  to  108  feet  high.  There  was  a  sluice  under 
n  at  the  east  end  above  the  level  of  the  ground.  The  material 
eh  the  dam  is  constructed  is  a  strong  red  earth  with  a  con- 
de  mixture  of  gravel,  and  was  taken  from  the  sides  of  a  hill  in 
Lghborhood.  The  east  supplemental  dam  has  its  base  74  feet 
\jhe  sluice  in  the  main  dam,  and  had  also  a  sluice  under  it  at 
>und  leveL  The  west  supplemental  dam,  the  breaching  of 
destroyed  the  tank,  was  of  similar  construction  to  the  others, 

base  was  60  to  70  feet  above  the  bed  of  the  tank.  There  was 
36  of  any  wasteweir,  and  it  is  probable  that  the  want  of  this 
e  cause  of  the  ruin  of  the  tank.  From  the  heights  of  the 
nd  the  levels  of  the  sluices  it  is  probable  that  the  depth  of  the 
as  90  to  95  feet,  and  at  that  level  its  area  would  have  been  40 
miles  and  its  contents  about  870,000  acre- feet  of  water. 
her  variety  of  tanks,  constructed  not  on  main  drainage  lines  or 
9  but  in  depressions  in  a  flat  country,  are  usually  closed  by  a 
it  form  of  dam.  There  were  many  of  these,  and  large  numbers 
Bached  or  abandoned  and  their  beds  now  cultivated.  The 
kmentfi  of  these  flat-country  tanks  an^  often  of  great  length, 
usually  1  or  2  miles;  that  of  the  Veeranum  tank  is  12  miles 
nd  the  ruined  bank  of  the  Puniary  tank  in  the  Trichniopoly 
i  is  said  to  be  30  miles  long.  The  height  of  these  is  generally 
derable,  being  in  many  hundreds  of  cases  onl}'  suflicient  to  hold 
to  10  feet  of  water.  A  few  of  these  works,  howev(»r,  are  20  or 
ven  50  feet  in  depth.  The  inner  slope  is  generally  revetted  with 
nd  has  an  inclination  sometimes  of  1  on  1,  oftener  of  1  on  2  or 

The  height  of  the  bank  above  the  water  level  varies.     For 
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limtatice,  the  NuTidyal  l^nk  has  a  dam  &t  ane  place  18  fe<>t  hlgli,2ff«t 
Hhovo  the  water  h*vt^l,  IH  feet  wide  on  t<ip,  with  an  inside  slopi!  of  1 
1  imd  Hii  outsiide  nlopo  of  1  on  '2,     The  Kolevoy  tank,  in  the  X^'IV^r* 
cUMtnot,  has  a  bank  31}  fmi  high,  extending  0  feet  above  ttn-  v^;, 
lovt^U  n  Ui|>  whlth  of  1!?  feet,  and  eciual  slopes  inside  and  oat^id^  of 

^fe  A  H  th  o  RiH*  1 1  tn  u  h^l  1 11  g  all  11 V  ial  d  oiK>s!  t  made  yea  r  af te  r  v  ear  gnidiiMllf 
mttie»  the  \HH\n  ttt  tanks,  tln^so  W4Hthl  l>ec'ome  filled  up  wert*  not sgni 
e:t|MAdient  adDpt4Mt  from  liiiu^  U*  tinK%  such  as  ajcldltig  to  the  lid^htrf 
the  datn*     'lTii«,  howovor,  gi3nt^rally  involves  an  enlargement  riff 
oross  section  a»  well  as  the  raising  of  the  waste  we  Irs  and  the 
struct  ion  of  new  sin  ices  at  hiijher  levels  tlian  the  one  oceiipi**d. 
esc pi*d Sent  frefjuently  n*sorti*d  to  successfully  is  14 1  havt?  Iho  mi4 
stiriYHi  up  by  hand  at  the  beginning  of  th©  rainy  season  when tk 
IUkkI  waU*rM  are  pemiitt^xl  to  carry  it  ofT  through  the  discharge  sluiim 
This,  however,  is  only  partially  effect ive,  like  the  seouring  oi  tb 

iimdefsluicei*  in  a  ivservoir. 

PP  In  central  India  there  are  many  tanku;  their  history  in  ratherMi 
ern  and  is  v^ry  intefesting*  In  3J^20  the  Mairs,  a  tril***  CK'cnpjiBi 
Marwar,  Meywar,  and  Ajmei^e,  were  banditti  living  in  the  hllLs  ooi* 
stantly  fighting  and  making  raids  on  tho  Ha j puts  and  other  neiglilKW- 
ing  tribes.  The  Mairs  lived  chiefly  by  levying  blackmail  on  isolatwl 
hamlets  and  on  travelers.  Cob  H,  JilH  subjugated  them,  and  hj  tb* 
establishment  of  a  government,  policej  etc.,  caused  them  to  live  moff 
peaceably  and  to  commence  the  pursuit  of  agriciiltu  re.  In  1835  ("oio- 
nel  Dixou  suco'cdt'tl  to  llie  t^harge  of  the  Mairs  and  arrived  at  tht 
conclusion  that  the  lack  of  water,  rendering  agriculture  impossible  in 
a  country  wlit^se  rainfall  was  IxOow  20  inches,  %vas  Iht^  eausi*  of  their 
predatory  lilV,  Their  histnry  from  tliis  time  was  similar  to  that  of 
the  nunnid  an*!  bandit  tribes  w^hich  occupied  the  country-  now  irri- 
gated by  the  Sirhind  Canal  in  the  Punjab.  Colonel  lUxou  commenced 
by  causing  the  con^stnietiuu  of  terraced  irrigation  lands  by  moans  o! 
t^ctaining  dikcis,  and  of  tanks  by  means  of  earth  or  mivsnury  dams. 

ILiviiig  been  f urjiis^hed  with  an  abuudani  wiiter  supply  for  fertilizing^ 
the  crops,  the  Mairs  have,  owing  to  this  enlightened  policy  of  Colout4 
Dixon,  now  become  peaceful  and  industrious  cultivators.  The  small 
tanks  furnish  water  for  irrigation  below^  them  and  water  for  wells 
near  them,  and  when  the  water  is  drawn  off  their  beds  are  cultivateil. 
and,  being  very  fertile  and  moist  from  the  deposition  of  sediment,  pro- 
duce excidlent  crops.  These  tanks  now  support  a  large  jiopulation 
and  produce  considerable  revenues. 

The  following  table  exhibits  the  principal  dimensions  of  some  of 
the  Mairwara  tank  embankments  and  weirs:  ^ 

a  Smithy  R.  Baird,  Italian  Irritfatioii,  William  Blackwood  &  Sons,  Loudon,  1856,  voL  1,  i>.  4:31 
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Dimerunons  of  some  of  the  Mairwara  embankments  ami  weirs. 


Name. 


Lenflrth 
of  em- 
bank- 
ment 
wall  or 
weir. 


a 

Ja  (escax>e  weir  added  to 

lent  embankmont) 

ana  weir 

>  Kuncur 

oa 

r  weir,  upper 

3"wer 

neo 

a  Bura 


Feet, 


251} 
62S 

460 
240 
843 
575 
954 

l,3:« 


In 
foun- 
dation. 


Feet. 
27 


Breadth— 


28 
lOi 
42 
IK 
30 
12i 
29 
5 
21 


At  up- 
per 
sur- 
face. 


Depth 

of 
foun- 
dation. 


Feet. 
10 


Fiet. 
0 

6 

0 

OtolO 

10 

8 
10 
20 

« 
19 


Height 
above 
foun- 
dation. 


Feet. 
24 

16 
18 
28 
28 
86 
20 
24 
14 
16 


Spread 

of 
water. 


Area  irri- 
gated, in- 
cluding 
cultiva- 
tion in 
bed. 


Acres. 

182 

218 
25 

182 
94 
72 
72 

218 
36 

145 


Cost. 


Acres. 
2(H 


354 


437 

250  j 
100 

29| 
273 

8:} ' 

328    ; 


>:il25 

1,890 
1,100 
8,275 
2,135 
2,000 
1,280 
810 


le  following  table  exhibits  the  results  of  some  of  the  works  detailed 
showing  the  increase  in  number  of  families,  of  wells,  and  of 


'e 


^e  tanks,  etc.,  during  eleven  yeara  preceding  the  preparation  of 
nel  Dixon's  report,  1835  to  1846: 

Results  of  Mairwara  embankments. 


Increase  in  number  of— 

Increase  in 

Ifavao  of  rlllage. 

Families. 

Wells. 

Village 

88  to  133 

25  to  122 

0  to  118 

70  to  440 

3to46 

8to28 

0to25 

181  to  801 

0to81 
0tol5 
OtoU 

$285  to  $1,080 

»—    — 

125  to       895 

'C-nnlcar         

Oto       545 

jyHXi-**^*-* 

1,925  to    4,425 

following  table  shows  the  whole  number  of  tank  embankments 
•ucted  in  Mairwara  up  to  the  date  of  the  report: 

Tank  embankments  in  Mairwara, 


Districts. 


^JJSlSfv'*'    Spread  of 

embank-   I    X^^^in 

montsand  i    ^ifJ**^ 

weirs.  ^**- 


Area  irri- 
gated, in- 
cluding cul- 
tivation in 
bed. 


«^c«zjut  '■^fc^'r  ^>.:cpci.«"  ^'si'^  "    '  r  Q«r  T^*r  aad  ^<ae 

si^i^*-rv  jf;4r*^      l^  M^^«*?<^  Miliar  S^Akr-v'  nr[»:i 

th^  v^rrw^'^j^i^,  *t( ^ir^  iF^-i^  M^^t^'^  Jlj^tmf  sa»^^ i^  iai^  ^j 

Major ^«AkfT9aid  t^c  "o*i?-4kxpd'^ib»-  iMok^  tbp*tt  •-5is4in£:f 
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■-arere  large  irrigating  reservoirs."  lie  found  about  one  tank  to  the 
iquare  mile  and  one  village  to  the  same  area;  the  average  (luantity  of 
nltivation  was  about  10  acres  U>a  tank.  In  this  area  there  are  some 
ireat  tanks,  such  as  the  Mudduek  and  Nuggar  tanks  mentioned  else- 
ivhere. 

The  ordinary  Mysore  tank  is,  however,  a  niu<»h  smaller  <lescription 

tif  work,  usually  closed  by  a  low  and  long  dam;  an  average  one  being 

«bout  12  feet  broad  at  top,  <»()  fet*t  wide  at  lK)ttom,  and  18  fei»t  high. 

In  this  description  of  tank  the  sluice  is  usually  a  large,  substantial, 

and  not  infrequently  expensive  work.     It  consists  of  a  sijuan^  brick  or 

ftone  cistern,  2  yards  each  way  and  1  yard  high,  to  keep  off  the  sand 

at  the  entrance  of  the  sluice,  with  one  or  more  valves  oi  plugholes  in 

a  stone  at  the  bottom,  from  r>  inches  to  a  foot  in  diameter  each.     The 

valve  is  attached  to  a  long  pole  which  is  held  in  an  upright  ])osition 

by  2  or  4  vertical  stone  pillars,  to  which  horizontal  projections  are 

Attached,  one  at  top  and  another  mi<iway  down,  through  a  hole  in  the 

center  of  which  the  valve  rod  works.     The  pressure  of  the  water  upon 

the  I  op  of  the  valve  keeps  it  sufficiently  tight  when  lowered  into  the  valve 

hole  to  prev(int  the  escape  of  water.     At  the  rear  of  the  dam  another 

cistern  of  about  the  same  dimensions,  and  usually  of  brick  in  moitar, 

in  built,  tliree  sides  of  which  are  furnished  with  square  oi)enings  and 

shutters  to  permit  the  water  being  turned  off.     The  two  cisterns  are 

csonnected  by  a  tunnel,  the  length  of  which  depends  upon  the  cross 

section  of  the  dam  through  which  it  is  laid. 

Most  tanks  receive  their  supply  from  the  high  ground  in  the  neigh- 
borhood; but  there  are  exceptions  to  this,  as  numerous  tanks  are 
partly  supplied  by  channels,  either  from  water  courses  or  canals,  which 
wind  around  remote  hills  and  catch  the  rain  flowing  down  their  sides 
Hud  convey  it  to  the  tanks.  A  single  t^nk  may  possess  several  feeders 
of  this  kind.  Many  old  tanks  which  had  failed  during  the  early  native 
government  have  been  restored  by  the  British  engineers;  others  which 
were  decayed  have  been  repaired,  and  a  few  which  were  toleral)le  have 
been  put  in  perfect  order.  >*(nie  of  these  irrigation  works  hav<»  dete- 
riorated since  the  British  took  possession,  and  their  condition  on  the 
whole  has  been  greatly  improved.  Judging  from  various  reports  the 
works  are  probably  now  in  a  more  effective  condition  than  at  any 
other  time  of  which  we  have  a  record,  and  the  increase  in  <*rticiency 
has  apparently  kept  pace  with  the  increased  liberality  in  the  (»xpendi- 
tun*,  taking  no  account  of  the  great  ris<»  in  lalK)r  rates  of  late  years. 
In  the  Madras  Presidency  nminly,  exclusive  of  M^'sore,  tliere  were 
rei)orted  in  1882  to  be  53,00()  tanks,  having  about  30,00()  miles  of 
embankments  and  3(H),()<)()  s(»parate  masonry  works,  weirs,  <»scapes, 
et<;.,  yielding  a  revenue  of  *7,r)<)(),0(M)  per  annum,  and  having  invested 
In  them  a  capital  of  §75,<KM),()(k;).  In  1S8l>  the  area  irrigated  for  first  or 
wet-weather  crop  amounted  to  2,525,71)0  acres,  and  the  area  of  autumn 
crop  irrigated  in  the  same  year  by  tanks  amounted  to  675, -iCK) 
Some  of  these  Madras  tanks  are,  as  before  stated,  of  immeusA 
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fe^. 


139 

48  1 


J 


ik\i^  (♦01) 


27S,  imo 


HitmiJtiT    .    .- - do 

TiitHl __. _....iio.__ 

Arttji  of  tititiiiim  i*Tiip  irrigttU-fi  jM^r  w?t;pnd*fi3ot 
of  dipK-liiiTK* T  iittlixiKl ,  .aA.'r0s.  - 


-»*._',  f.iW 

1.520 
t,355 

2,075 

L2 

33.3 

2,420 
9.3 

40.8 

155,  a 
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BKRUK  TANK. 

The  catchment  area  of  the  Ekmk  tank  is  159  square  miles,  on  which 
fcSme  annual  rainfall  averages  24.7  inches  and  the  run-off  41,4(X)  acre- 
F<^»et,  or  4.87  inches  per  square  mile.  The  rainfall  on  the  irrigable 
Ic^Tids  served  by  this  tank  averages  22.8  inches  per  annum,  the  duty 
o:ff*  the  water  supplied  during  the  four  months'  autumn  crop  was  76 
s^<5re8  x)er  second-foot,  and  the  water  rate  charged  on  the  land  served 
3.  liiring  the  year  1888  was  80  cents  jyer  acre  irrigated  or  t7S  per  second- 
Poo  t  of  discharge  at  the  e^nal  head.  The  crops  raised  in  1888  were 
3.istributed  about  as  follows: 

Crops  raised  on  land  irrigated  from  Ekruk  tank. 


C:rop. 

1    Acres. 

Value. 

^^^eat            

887 

$:i,100 

^'^Kar         

'        200 

17,300 

^M:niet      

344 

2,307 

^^^ans. - 

...1        .■',87 

2,700 

2.97r> 

Total.  lncludinj<  all  others 

38,000 

^.^                                                                                            ! 

This  work  was  undertaken  by  the  Indian  government  and  is  situ- 
ated 5  miles  northeast  of  the  town  of  Sholapur.  The  scheme,  drawn 
Xip  in  1863  and  sanctioned  in  1866,  comprises  a  tank  formed  by  an 
earthen  dam  and  supplying  three  canals  for  irrigation.  It  receives 
3ts  water  supply  from  the  River  Adhila,  a  tributary  of  the  Lina,  the 
Aill  of  which  is  7  feet  per  mile,  and  its  greatest  flood  discharge  is 
37,000  second-feet.  The  dam  which  forms  the  tank  has  a  total  length 
of  7,200  feet,  including  2,730  feet  of  masonry,  of  which  1,400  feet  is  at 
the  northern  end  and  1,330  feet  at  the  southern  end.  The  maximum 
height  of  the  earthwork  above  the  bed  of  the  Adhila  River  is  72  feet, 
or  7  feet  above  the  highest  flood  line.  The  height  of  tlio  masonry 
portion  is  3  feet  above  the  liighest  flood,  exclusive  of  3  feet  of  parapet 
alK)ve  that.  When  full  the  maximum  depth  of  the  tank  is  60  feet,  and 
its  eont<»nts  41,700  acre-feet,  of  water,  tlie  surface  area  of  which  is  6 J 
square  miles.  The  waste  way  is  at  the  northern  end  of  the  dam,  and 
consists  of  a  channel  250  feet  wide  carried  through  a  spur  and  dis- 
charging into  a  side  drainage  coui'se.  The  cal<*ulatod  maximum 
velocity  over  the  wasteway  is  10  feet  pc^r  second,  and  its  capacity  of 
discharge  is  250  by  5  by  10  =  12,500  si»cond-feet.  The  depth  of  evapo- 
ration during  eight  months  is  7  feet,  and  the  loss  amounts  to  17,250 
acre-feet. 

This  tank  has  three  discliarge  canals.  The  accompanying  PI.  XXVI 
gives  some  details  of  this  work.  The  lowest  or  perennial  canal  is  28 
miles  long,  and  its  sill  is  20  feet  above  the  level  of  the  bottom  of  the 
tank.    Its  discharge  amounts  to  44  second-feet  and.  \ti  ^fir^v 
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gaUle  areH  of  25  Htitmro  miles.     Th^  next  eaniil  abav«t  ttim  m  ititcuili^i 
to  |irn%'idf*  H  font"  niniilhs'  supply  of  water;  it  is  18  miles  long, 
fthiirjLjt^M  I-  HtMHJud*feet>  and  covers  an  imgal)!*^  area  of  21  j^inare 
of  land*     Thw  hijjht^t  imual  is  also  o-alerxlatecl  for  a  four  monUi?'^  ii- 
ply»  a»il  JH  4  miUw  long  nnd  diKchiirgei*  21  ^seeonfJ-fix^t  of  wjiu*r    l\\^ 
dim-hargo  of  oiio  of  Thes**^  four- months*  r^Hnatn  is  eomi«?n«at*^i  f  rh 
the  supply  of  rain  rw^iveil  during  the  rainy  scMiMin.    The  lowirpa^ 
onnlal  eaiial  \»  takon  from  the  left  l>Hnk,  the  kocoikI  t-anal  fnitntbf  §»-Ta 
right  bank,  and  tln^  lii^lior  eanal  from  the  left  bank*    The  dij^bArfjt 
sluk-o  at  the  head  of  th^  perennial  eana!  consists  of  a  masonry  tiituid  §?\m 
through  the  i^aiial  bank,  with  a  siib^VantiaL  maf^onry  inlet  tower ontbf 
water  wide*     The  diameter  of  the  tunnel  through  the  dam  is  UfM, 
and  its  tot.al  length  m  2(XI  feet.     The  dineliarg©  sluiees  for  tli^  foui- 
nioiitliH*  eanals  <*niistst  of  an  iron  pipe  14o  feet  Id  lenj^th  andifMii^ 
diamet4;r  through  the  dam,  which  is  elos*?d  at  the  lower  ?*ide  bymtiDi 
of  a  valve  worked  by  hand  gear  from  above, 

Aeeordiug  to  tlie  na venue  refxirt  for  nH«)-1901,  the  total  outlay  on tW 
Kkrnk  tank  to  the  end  of  that  year  amounted  to  t953^000j  lhe1*)ti 
reeeipt^H  fnnn  irrigation  during  the  year  were  $?J,040,  and  the  i^niw 
r€*ceipts  from  all  Koart*es  amounted   to   $8,0130;    the   total  workJUi^ 
expeuBes  amouted  t-o  §2,H<>0,  showing  a  net  neveniie  of  #5,370*  tH[m^ 
a  lent  to  L2  per  cent  on  the  capital  outlay.     As  originally  desijju*^ 
this  work  was  estimated  to  yield  a  net  i*t> venue  of  9  |jer  cent  on  ibo 
capital  expended.     Its  failure  to  do  this  i^  largely  due  to  the  ^raall 
denutnd  for  the  water,  owing  to  the  natural  rainfall  on  the  distrid 
served  beini^  ordinarily  wuiliciont  to  ntise  crops  without  icri^ation- 
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The  ejLti*hnieni  area  of  this  tank  is  \)'J  square  miles,  and  the  rainfrtli 
over  this  area  averages  2-l*l  inches  i)er  annum;  the  run-off  aniamil?t<^ 
8,0un  acre-fei*t  per  annum,  or  1.02  inches  per  square  mile.  Th*'  niid- 
fall  ort  tht'  inigalde  lan<ls  servcrl  by  the  tank  averages  1!*.S  inehcj^  \wt 
annum.  The  i>roJeet  comprises  a  lank  on  the  Ashti  River,  foniu^ii  l>y 
an  earllu'Ti  ilaiu  li\701l  fei*t  long  and  58  feet  in  maximum  height,  hav- 
ing a  t iii til  H\ < ira^o  cajjaci t y  of  34, 500  acre- feet  i if  water.  There  are  i^<^ 
diweharge  canals,  one  ou  each  side  of  the  Ashti  River,  which  extend 
to  its  junction  with  the  Jiliima  River  and  command  25,270  acres  of 
irrigal)h^  land. 

This  work  is  situated  in  the  Sholapur  district,  about  10  miles  south- 
west of  the  town  of  Madha.  The  project  was  originally  x)repared  by 
Capt.  C.  B.  Penny,  R.  E,,  in  1860.  In  1876,  when  the  great  faniine 
was  imminent  and  the  prosecution  of  relief  works  was  urgently  called 
for,  this  was  one  of  the  first  works  undertaken  for  that  puri)ose.  The 
project  (fig.  58)  was  then  thoroughly  revised  and  comjilete  plans  and 
estimates  i)repared  by  Mr.  Charles  T.  Burke  ^'  under  the  orders  of  CoL 

n  Burke,  Clmrles  T.,  Tho  Ashti  tank:  ProcwdiiigH  of  the  Institution  of  Civil  Engineers,  vol.  76, 
part  a,  ISt^  London. 
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.^  J.  Merriman,  R.  K.,  chief  engineer.    The  available  capacity  of  the 
is  32,660  acre-feet,  and  to  furnish  this  quantity  a  run-off  of  6.3 
heB  per  annum  woald  be  required  from  the  catchment  basin.     The 
Dff  during  an  average  season  is  but  6  inches,  or  4.87  per  cent  of 
» available  capacity  of  the  tank.     The  features  of  the  ground,  how- 
fy  do  not  admit  of  the  capacity  of  the  tank  being  reduced,  as  the 
el  of  full  supply  was  regulat.ed  by  the  only  saddle  available  for  the 
^JUiteway.     Had  that  been  lowered  the  quantity  of  rock  excavation 
iry  would  have  cost  more  than  the  earthwork  required  to  raise 
I  dam,  besides  which  there  is  manifestly  an  advantage  in  making 
I  reservoir  of  lai'ge  capacity  if  it  can  bo  done  without  increased 
»--^Kpense. 


Fkj.  58.— The  AHhti  t»uk  and  c^analH. 

The  loss  by  evaporation,  absorption,  etc.,  was  estimatefl  at  4  feet  in 
depth  on  half  the  area  at  full-supply  l(»vel.  From  actual  experiment 
after  the  completion  of  the  work  it  was  found  that  the  loss  from  evap- 
oration in  1880  during  the  six  winter  montlis  of  dry  weather*  was  3.8 
feet;  deducting  this  quantity  the  net  supi)ly  of  water  available  for 
irrigation  is  25,300  acre-feet. 

The  total  length  of  the  dam  is  12,70i)  f(^et.  Its  top  breadth  is  ^  feet, 
its  breadth  at  full-supply  level  is  42  feet;  the  sid(»  slopes  above  this 
point  are  1  on  1-V  below  it,  the  innor  sIojm*  is  1  on  3,  and  the  outer 
slope  1  on  2.  Previous  to  its  construction  the  site  of  the  dam  through- 
out was  cleared  of  vegetable  and  loose  material,  and  the  sand  and  silt 
were  removed  from  the  entire  area  forming  the  site  of  the  dam.io.t^'- 
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■  river  l>cwl.  Ilius  tha  dam  throughout  re«te<l  upon  a  sotitid  an 
faundntiurL  Thero  in  no  puddlp  wall,  but  a  puddle  trench,  the 
of  which  risei*  1  f*K»t  alK>ve  th*^  gmimd  surface^  extends  throi 
tht*  who!*^  Ic^ugth  of  thi!  dam^  and  U  10  feet  in  width,  anti  lia 
(jxcavateci  dowa  to  a  oompiu.'it  inipurTious  bed.     lt«  eampositir 

partu  sand  and  S  part^  of  blai: 
Thif  central  third  of  the  dam  h 
up  of  selected  material  of  bkc 
extending,  as  shown  in  tbe  aceoii 
in^  illostration  (fig.  59),  in  a  tria 
fWM^tion^  fnini  the  dam  crest,  ^Im 
tj  feet  wide,  to  the  bane,  wlmrei 
feet  wide.  f>ut»id<*  of  Urn  nr^i 
aiignhtr  seetiuns  eoni posed  of  tJit 
mill  of  the  CfUintry,  and  thi^^  ii 
outride  withfnim  1  to  15  feet  of 
of  Band  and  Idack  8oil,  while  a 
puddle  on  the  inner  slope  is  pay 
Hi  Inches  of  hirge  sstone  pitehini 
able  It  iAi  resist  wave  action, 
tile  river  bed  a  trench  5  feet  ii 
wasi  excavated  along  th«i  en  tin 
of  tiie  dam  dowTi  to  the  loek 
tending  100  feet  into  the  hank 
river.  On  each  side  thijs  wa.s  fil 
ecjiieivte  and  v;ns  con  nee  ted  ^ 
pudd  Ic  tren  eh,  Tli  e  puddle  I  n 
^'urved  aronnd  tho  concrete  v 
^'oiitiinied  aci-oss  the  rivor  at  a 
of  L*n  iVn^t  from  the  concrete  wu 
upstream  side. 

The  follow iii];^  procedure  was 

iuciiinpletiog  the  foundation  of 

in  the  river  bed.     The  ptuldl 

and  eoncrete  wall  having  lu-t^n 

durinj^  the  dry  .season,  n*easu 

takx*n  to  utilize  the  floods  of  tl 

in(r  rainy  seiuson   to  assist  in 

away  the  sand,  silt,  etc.,  from 

[i^   till*  ri%i^r  bed.      Piers  of  In 

blestOTie  were  disposed  in    ro^ 

upstream  side  of  tlie  site;  these  were  about  5  feet  in  c 

and  were  placed  ai)(>ut  40   feet    apart.     During    breaks   in 

weather  the  sand  to  l)e  removed  was  plowed  and  thus  more 

acted  upon  by  the  scouring  action  of  tlie  floods,  which  flov 

a  higli  velocity  through  the  contractual  water  area  between  t 
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<*4aufH4l  tithe  removal  of  a  large  qnantity  of  sand  from  the  site  at  a 
ni  i^xpenditiize.  A  low  dam  of  dry  rabble  work  was  then  eon- 
^nei\  aeitKB  the  river  abont  100  feet  above  the  site  to  prevent  it 
ra  agani  being  silted  up,  and  during  the  dry  season  the  work  was 
led  up  in  the  ordinary  manner. 
e  pit<;hing  given  to  the  inner  slope  of  the  dam  was  calculated  as 

ti(.y  lb  14  k  mess  of  the  pitching  depends  upon  the  greatest  height  of 

^^r;ives  lo  which  the  dam  is  exposed,  and  the  maximum  height  of 

waves  depends  upon  the  "fetch"  or  distance  from  the  shore 

m*^  their  formation  commences  and  was  determined  by  Stevenson's 

nla 

J  a;=1.5  Vf+(2.5-*  Vf) 


^ 
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'^^1^  X  =r  the  height  of  wave  in  feet,  F  =  the  fetch  in  nautical  miles. 
f^S^iii,  Rankin  states  that  where  an  embankment  of  loose  stone  is 
ml  Uj  tihe  action  of  waves  it  must  be  faced  with  blocks  set  by 
^Ti<1,  the  K'ftst  dimension  of  any  block  in  the  facing  l)eiug  not  less 
n  two-thirds  of  the  greatest  way  height.     From  these  two  consid- 
•tioDs  the  thickness  of  the  pitehing  was  deduced. 
*rho  cn>ss  section  of  the  Ashti  dam  is  considered  to  bo  amply  strong 
<avery  way,  yet  Mr,  Burke  deems  it  well  to  consider  whether  in 
ofkn  of  muii  magnitude  the  adoption  of  a  more  liberal  cross  section 
Duld  not  bi)  adTiaable.    He  says  that  the  Ekruk  tank  dam  has  a  top 
reiKltli  utmeceflBorfily  great  and  not  uniform,  as  it  is  diminished  in 
K)portioii  to  the  height.    This  does  not  improve  the  appearance  of 
li3  dam,  la  unneoeasary  under  any  circumstances,  and  involves  an 
^creased  outlay.    The  top  breadth  of  the  Ashti  dam  is  too  narrow, 
W,  although  raffidient  in  strength,  Mr.  Burke  considers  it  objection- 
able for  various  reasons.    A  dam  of  this  kind  would  warrant,  if  but 
'or  appearance  alone,  as  well  as  for  the  convenience  afforded  by  a 
itiwiiy,  a  small  outlay  to  increase  its  top  breadth  sufficiently.     In 
re  paring  llie  plans  of  the  Paugoan  tank  which  was  subsequently 
ehigiied  hy  Mr.  Burke,  the  top  breadth  was  increased  to  8  feet,  and 
n  thi^5  jtppears  insufftcient  for  a  dam  77  feet  in  height.     Mr.  lUirke 
nioH»ii(irt  the  following  as  a  minimum  top  width  for  works  of  this 
atui-o  in  India:  For  earthen  dams  50  feet  in  height  and  over,  top 
r«^fi^Uh  to  be  10  feet;  under  50  feet  in  height,  8  feet.     In  the  course 
f  time  settling  may  occur  in  dams  constructed  wholly  of  earth,  ron- 
i?riiig  repairs  and  renewals  necessary.     In  the  first  ten  years  aft-er 
the  cfimplet  ion  of  the  Ekruk  dam,  2^  feet  in  deptli  of  new  material 
was  added  to  its  top,  and  this  could  not  have  been  properly  rolled 
aolid  if  the  roadway  had  not  boon  sufficiently  wide  for  compression  by 
a  heavy  roller. 

The  change  of  inclination  from  1  on  2  to  1  on  1^  of  the  outer  slope 
of  the  Ashti  dam  is  undesirable.     As  regards  the  inner  slope,  the  incli- 
IBB  87—03 ^14 
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tuifloii  til  1  nn  3  tip  Co  ihm  lev'cl  of  the  estlnmted  mi 
iippeftr^  til  iie  ^Dor].  Tim  tdiotilfl  then  ehani^  in  taak«  to  1 
the  t'ificif  the  tJam*  It  is  a  matter  fur  f^fistrle ration  whe^ierlj 
part  tthtitild  not  be  I  cm  1,  raiber  thiin  1  an  14.  It  wonU  ] 
an  a^lvatit4i^i?^  Mr.  Burke  thinkfi,  thai  waves  should  bi*  rpfle 
than  brolcirit  on  the  slcipi%  and  on  the  authority  of  Mr.  Scott  ] 
appeam  Umt  a  slope  of  1  on  I  will  refl«c^  wav^^^  while  on  fliilj 
they  aw*  hroken.  The  eroes  9*H?tii>n  reeorn mended  by  Mr.  B| 
pmeraJ  afloplion  in  India  m  a^  follows:  The  height  of  the  daj 
the  full-so pply  level,  or  ihe  ereat  of  the  weir,  is  h=d+x-^c:  I 
rf  =  the  depth  of  water  in  the  tank  above  the  weir-crest  level 
maxiintim  Ili>od  h  flowing  over  the  weir;  jr  =  the  height  of  th 
pitching  above  the  sorfaoe  of  the  ma3dmuiii  flood  in  the  taal 
lij  tbn  furmuta  preriou^ly  given;  and  c  =  a  constant  uf  the  ?i 
or  3  feet  ac*eording  to  eireumstaneei*— that  is,  the  vertkyil  I 
the  top  of  the  dam  at>ove  the  top  of  the  pttehing. 

The  waste  way  of  the  Ashti  dam  consists  of  a  channel  haT 
width  of  8CMj  feet  ejccavated  thn>ngh  a  saddle  In  the  high 
tuting  the  western  boundary  of  the  tank.  The  bed  of  thia  j 
whi'^h  Is  excavated  in  roeJt,  Is  level  for  a  mean  lengih  of  d 
feet  and  then  falls  away,  with  a  slope  of  1  in  ICN),  toward  l| 
Torrent,  into  which  the  flood  waters  are  discharged,  and  thusi 
another  valley  distinct  from  that  di^tning  the  tank.  The  d 
capacity  of  this  waste  way  is  i^OOO  second- feet,  which  will  c 
water  to  rise  7  ff*et  above  its  sill,  or  within  5  feet  of  the  top  of 
The  discharge  CHpjiciU'  of  tlie  wariteway  was  calcnlate<i  as  fo 
L=widtli  of  i4ianiiel=SUU  feet. 
(i,  =  \]w  deptli  of  water  in  the  channel  =  3.5  feet. 

The  surfaco  slojx*  of  the  channel  being  1  in  100,  the  mean 
is  as  follows: 

v  =  U'2.'2riJ~x*i^=  17.25  feet  per  second 

and  the  corresix)nding  discharge  is  48, 3W  second-feet.  Th 
watci-  in  the  tank  necessary  to  cause  a  discharge  of  this  vo 
determined  by  th(^  formula 

D  =  C,  L  (1,  V'2g(1-^IC,  L//  Vl>^ 

where  d.^  is  the  depth  of  tlie  cliannel  and  the  constant  C=75 
Tlie  Asliti  tank  was  designed  as  a  minor  productive  work, 
outlay  on  wliich  to  tlie  end  of  1!)01  amounted  to  j55278,0(X).  ' 
nues  from  irrigation  in  that  year  amounted  to  81,780  and 
revenues  to  ^2,040.  The  working  expenses  during  the  sj 
amounted  to  i5?14:,500.  This  excess  expenditure,  however,  w; 
du<'  to  additional  woiks.  There  was  earned,  in  fact,  a  net 
of  1.40  per  cent  on  llie  capital  outlay. 
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S-^zieral  Mnllins  in  his  Manual  of  Irrigation"  lays  down  some  dif- 
^Yit»  rales  for  the  top  width  and  varioas  dimensions  of  an  earthen 
9EB.  from  those  above  quoted  from  Mr.  Burke.  He  says  that  the  top 
1.^1^  of  an  earth  dam  should  not  be  less  than  4}  feet  anywhere,  and 
Ue  that  width  will  suflice  for  the  ends  of  dams  of  comparatively 
fcUow  tanks,  the  width  at  the  deeper  part  of  these  should  be 
^ased  to  6  feet.  Fi-om  9  to  12  feet  will  be  a  pi-oper  top  width  for 
dams,  and  for  very  large  ones  one-fourth  of  the  depth  of  the 
"ti^r  is  the  prescribed  minimum  for  the  deeper  parts  and  8  feet  at 
^  c^nds.  Tlie  top  of  the  dam,  the  upstream  sloi)e  of  which  is  revetted, 
^"^ald  always  slope  toward  the  rear  edge,  so  that  the  rainfall  may 
^^  off  down  the  rear  slope  and  not  on  the  revetment,  wiih  the  risk 
"^^ashing  out  the  back  of  the  latter;  1  on  IG  for  earth  and  1  on  24 
^  gravel  will  be  suitable  grades  for  this  top  slope.  The  grade  of  the 
fc^rior  or  front  slope  will  depend  upon  the  description  of  protection 
5^inst  wash  to  be  provided,  revetted  slopes  ranging  from  one-third 

^i  on  1;  for  shingle,  slopes  of  1  on  2  or  2^^  are  suitable.  The  gradi- 
*^^  for  the  exterior  or  rear  slope  will  vary  according  to  the  nature  of 
'^  Boil  from  1  on  1^,  which  is  the  steepest  allowable,  to  1  on  3. 
iai  southern  India  at  or  near  the  center  of  the  dam  is  considered  the 
>  poBition  for  a  puddle  wall.  It  is  of  primary  importance  that  the 
should  not  crack  during  the  considerable  periods  of  each  year 
i  the  tanks  are  either  dry  or  the  water  in  them  is  at  a  low  level. 
-v^e  material  most  used  for  puddle  walls  in  Madras  is  clay  of  the 
^^cription  used  for  tile  making.  It  is  well  tempered  and  a.  puddle 
^'^de  not  too  wet.  Any  excess  of  moisture  l)eyond  that  needed  to 
*^owof  the  entire  wall  being  worked  into  a  homogeneous  mass  increases 
^^  risks  arising  from  settlement.  The  top  width  given  to  puddle 
'""'^lls,  whatever  their  height,  is  about  2  feet,  and  the  top  level  is  made 
^*^m  1  to  2  feet  below  .the  level  of  the  top  of  the  dam.     Batters  of  from 

^n  1  to  8  on  1  are  given  to  the  faces  of  the  puddle  wall.     The  thick- 

^&8S  of  the  wall  at  the  base,  that  is,  at  the  ground  level,  is  usually 

2/i 
^und  by  the  formula  2+  r  in  which  h  is  the  height  from  the  ground 

t^  the  top  of  the  wall  and  h  is  the  batter.  The  foundation  of  the  wall 
^  frequently  of  concrete  down  to  an  adequate  depth  below  the  ground 
^rface,  viz,  to  1  foot  at  least  in  clay  or  impervious  soil  and  to  4  feet 
^  more  or  less  pervious  soils.  The  cross  section  of  the  foundation 
^nch  is  made  as  wide  at  top  as  the  base  of  tlie  puddle  wall  and  some- 
what narrower  at  the  bottom,  being  cut  with  side  slopes  of  3  or  4  on  1. 
^  revetting  water  slopes  of  dams  a  suitable  backing  of  small  stone 
wnd  gravel  is  alwa^^s  placed  beneath  the  revetment  of  uncenu^nted 
.tone. 


a  HnUinSi  Lieut.  Gon.  J.,  Irrigation  Manual,  £.  &  F.  N.  Spon,  London  and  New  York,  1890. 
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Ifl  4tsipiiQg  Ike  sofplii*  wetf»  or  w»stev»ys  the  i 
t0  te  pillm  rid  of  aut  lirvt  be  amertAhieiL    The 
tvqatrefl  i«  ti^v^Any  AjiaLTtaliied  m  lijwirfts  either  fran 
eak^QlMioti  wilh  ibv  foTvula  for  w«int: 

vkick,  wUh  c=..^Y75  (»  vmlue  a|i(»lk«ble  ta  v<*rj  tium j  Uk\ 
eomea  Il^S.f'S  L  Vi^t  iti  which  D  is  equal  to  the  diseharfi 
feel;  r  ia  a  enel&eieDtf  Ih^  Tmlue  af  which  vaHefi  with  tha! 
weir,  but  seldom  exeeeda  0.65;  if  i%  the*  tKui:x:iinum  depll 
Witter  til  tw  aUowed  t<i  paas  over  Ibe  weir^,  and  2'j  is 
icpTOWtntlng  the  fcinie  ai  gmrity. 

Am  qT  intcrofitt  Bkowiiig  horn  fVL'O  c*Arihi?ii  ilams  wl 
etructJ^  in  a  moal  ratnimtiliftl  maon^f r  may  slip  ur  sulmidi 
unexpected  eatise,  the  foUowiag  m  a  iliascriptiiJii  of  tliev 
oerurrpd  in  the  Ekrak  and  Ashti  ilaina.  The  ruJl-$mpj  * 
Kknik  dam  hjy»  a  thlckneaiof  *>!  f(*ei,  and  at  %hv 
lated  Hood  IcTel  tta  thtekn&ts  i^  41  feet.  Frum  the  dale 
tba  In  1S69  Qattl  September,  187:^,  the  dam  was  perf^ 
in  gtnnl  orderj  but  in  that  luonth  excessive  rain  fell  all  ow 
of  1  hi'  eonntrr  in  which  the  dam  m  situated.  From  li  to  J 
nun  were  ^ged  at  different  places  in  Ibe  eatehuieut  «l 
the  l-^h  and  :?3d,  Th*>  water  on  this  occasion  rose  lu  6  f 
erest^  of  the  wastt*  weir  and  at  the  same  time  three  slipa 
the  rt>ft r  sIoik^  'if  t lit*  da ra ,  Colonel  Fi f ts  t  J»?  eli ie f  i^ti g;i neer, 
\Uh\  the  tank  and  report^Ml  that  tlu*  slope  of  the  embank 
tho  eai-th  liad  slipj)ed  or  Immmi  washed  down  was  not  verti^ 
alK)nt  45  ,  and  this  for  alwiut  1<»  feet  only,  after  whieh  it  Ikh 
No  leakajLTe  wliatrver  was  obscrvc^l  throngh  the  dam.  1 
afeithMit  <lrv  stone  <lrains  had  Ix^en  eonstructed  at  an  an<i 
rear  sIojh'  to  earry  off  the  rains  an<l  prevent  seourin^  of  t 
nicnts;  it  was  thou<rht  that  thcst^  drains  at  the  site  of  tl 
beeonif  choked  or  had  sunk,  owing  to  the  saturated  cond 
soil,  and  had  thus  aUowcil  the  water  toaeeunudate  an<l  t*s 
ing  away  the  earth  Ixdow.  These  drains  on  tlie  slope  wore 
done  away  with,  th(*  dam  was  eai*efully  made  up  to  its  < 
tion,  bernis  were  eonstrueted  ]n  weiglit  the  toe  of  the  dam 
of  tlie  slii)s,  and  surface  drains  were  cut  to  carry  off  tlie  sli 
under  th(»  dam. 

No  fui-th(*r  accident oeeuriM'd  to  this  dam  until  the  sumi 
when  another  slip  took  place,  coincident  with  heavy  rain  o 
ment  basin.  The  position  (►f  this  slip  was  directly  in  con 
one  of  the  slips  of  1S72,  the  reai-  half  of  the  dam  having 
age  length  of  ISS  f(»(*t  subsided  vertically  about  S  feet.  H 
of  tlu^  end)ankment  was  founded  j)rin<-ipally  on  black  soi 
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^come  saturated,  resembling  a  pulpy  mass,  and  had  been  forced 
Edward  by  the  pressure  of  the  dam.  To  remedy  this  a  dry  stone 
^'Caining  and  draining  wall  was  constructed  at  the  toe  of  the  dam  at 
ft.«  side  of  the  slope.  This  wall  was  sunk  8  feet  into  the  ground  and 
CU9  10  feet  wide  at  the  bed;  cross  drains  were  also  cut  to  drain  this 
i.  the  direction  of  the  creek  below  the  bank,  and  a  counterfort  or 
^rm  45  feet  wide  and  10  feet  in  height  was  raised  on  the  toe  of  the 
CMibankment  to  counteract,  by  its  weight,  the  tendency  to  bulge 
E>vard. 

Early  in  November,  1883,  owing  to  excessive  rains,  the  water  in  the 
..«hti  tank  rose  1  foot  over  the  crest  of  the  wasteweir;  shortly  after 

small  horizontal  crack  about  40  feet  in  length  was  observed  in  the 
B.  tching  on  the  front  slope,  and  it  was  immediately  repaired  by  remov- 
&g  the  stones,  tamping  the  bank,  and  relaying  the  pitching.     About 

week  later  a  crack  3  inches  wide  and  4  inches  deep  was  found  in 
be  rear  of  the  slope.  This  crack  had  a  horizontal  length  of  about  60 
^»t  and  ran  down  the  slope  to  a  level  of  about  10  feet  below  full- 
^pply  mark.  It  was  at  once  repaired,  but  on  the  following  day  it 
^opened,  when  a  settlement  at  the  top  of  the  dam  was  observed. 
^rom  this  time  for  several  days 
mB  top  continued  to  subside  and 
lie  ground  at  the  toe  of  the  dam 
m  bulge  upward.  Equilibrium 
^as  not  established  until  a  week 
»ter.  The  total  settlement  of 
3ie  top  of  the  dam  amounted  to 
L6  feet,  bringing  it  4  feet  below  the  full-supply  level  of  the  tank;  the 
bitched  8lox>e,  however,  remained  intact  up  to  about  4  feet  above  this 
aevel. 

'  The  causes  of  the  slips  resemble  in  a  measure  those  of  the  slips  at 
Aie  Ekruk  tank.  A  considerable  length  of  the  dam  is  founded  on  a 
slay  soil,  with  nodules  of  dirty  lime  in  it,  and  generally  contains  a 
]^iiantity  of  alkali  which  causes  it  to  become  semifluid  when  soaked 
irith  water.  It  is  probable  that  at  the  site  of  the  slope  the  excavation 
for  the  puddle  trench  had  not  been  made  quite  deep  enough  to  pre- 
sent leakage  of  water  under  it.  The  length  of  the  slipped  portion  at 
the  top  was  155  feet.  The  dam  at  this  point  is  44.3  feet  in  height  and' 
%t  the  time  of  the  accident  the  water  was  standing  31.7  feet  deep  at 
this  i)oint. 

The  permanent  corrective  measures  adopted  aft^r  the  cessation  of 
the  movement  were  the  digging  of  a  trench  at  the  toe  of  the  rear  slope 
which  was  filled  with  bowlders  and  broken  stone  (fig.  60),  as  was 
done  for  the  Ekruk  dam,  heaping  the  excavated  material  and  other 
earth  on  to  the  bulged-up  ground  to  counterbalance  the  lifting  action, 
remaking  the  dam  to  its  original  section,  and  adding  earth  and  broken 
stone  to  give  additional  weight  to  the  rear  slope.    The  drainage  trenoh 
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eombiiUMl  systems  of  storage  works  and  irrigating 
two  olher  <H)mbinod  systems  whieh  differ  from  tlu 
charaeloristics  and  should  bo  described  as  of  peculi; 
the  Pahir  anient  system  in  Madras,  whereby  the  wi 
River  is  f  urnislied  to  a  numl)er  of  tanks  by  means  < 
supply  eliannels  and  is  stored  in  these  tanks  until  v 
of  irrigation.  The  other  is  the  Zhara  Karez  in 
H<'luchistan,  by  wliieh  a  number  of  small  detaehe^ 
the  iMitlom  lands  adjacent  to  the  Maehka  Torrent 
nel  intercepting  the  subsurface  flow  and  by  chani 
torivnt  to  the  tanks  during  portions  of  the  year  wh 
water  in  the  stream. 

rAL.\R  ANICUT  SYSTEM. 

The  Palar  anicut  or  wier  wa*i  originally  designed  1 
supi)ly  to  old  eliannels  which  fed  a  series  of  old  u 
situated  on  the  Palar  River,  4  miles  below  the  tow 
a  <'atehm<»nt  basin  above  it  of  ;i,!»74  square  miles,  1 
discharge  from  which  is  2o,0()0  second-feet.  Anic 
whi<*h  means  literally  wier,  and  the  Palar  anicut 
sion  wier  const  ructcd  across  the  Palar  River  where 
on  both  banks  of  the  river  into  the  supply  canals 
the  wier. 

The  irrigation  which  commenced  in  1853  with  an 
of  W(»t-vv(»ath<»r  irrigation  and  7(K)  acres  of  dry- 
ex'toiulocl    iinlil  ISS'J.  whoii    tliero  wns  jui   iiron.  of  (i 
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The  weir  was  breached  for  a  length  of  1,015  feet  by  the 
Dber,  1874,  previous  to  its  final  reconstruction.  The 
he  north  are  the  Mahendravadi  channel  supplying  the 
*rae  name,  and  the  main  channel  which  branches  into 
lannels,  one  at  3  miles  from  the  head  and  the  other  at 

the  weir.  From  this  last  channel  other  branches  are 
eh  terminate  in  various  tanks.  On  the  south  side  are 
}.  The  project  has  not  realized  the  anticipations  orig^in- 
ecause  the  supply  in  the  river  bed  was  overestimated, 

there  were  considerable  defects  in  the  channels  them- 
nally  laid  out. 

records  show  that  on  an  average  there  are  273.7  days 
dch  no  water  is   regi8t43red.      The  northern  channels 
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supply  when  there  is  W  feet  on  the  sill  of  the  weir  under 
le  southern  channels  not  until  there  is  7  feet  on  that  side, 
tiver  rises  on  the  Mysore  plateau  and  runs  into  the  ocean 
I  of  about  220  miles.  There  is  extensive  irrigation  from 
river  channels,  which  are  chiefly  provided  with  masonry 
«reir  supplying  the  system  here  described  is  built  at  the 
and  fifty-second  mile,  and  is  situated  about  4  miles 
lous  town  and  fort  of  Arcot.  The  drainage  basin  of  the 
point  is  about  3,974  square  miles,  the  maximum  flood 
>ut  25,000  second-feet,  and  the  maximum  depth  of  flow 
the  weir  6.75  feet,  as  before  stated. 

tie  or  no  direct  irrigation  from  the  nmin  or  branch  chan- 
lost  every  case  the  water  is  first  lot  into  the  tanks  in 
)red.  These  are  frequently  of  large  size,  as  the  Kaveri- 
bhe  northern  and  the  Dusi  Mamandur  on  the  southern 
rrigate  6,870  and  3,050  acres,  respectively.     Aa  ^^»\fti^ar 
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otii  eciQdtrQete<V  ^^  mye^mm  eonULina  on  the  noitbtftm  nidt  W  < 
Irr^mtiii^  38,t2Gil  acre*,  or  about  300  n^rf^  per  tank;  and  71* 
inigstiiig  H,7Mi  acn^,  or  nearly  2O0  at-n^  p^r  tatik^  om  tkesoa 
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of  thf^^  liowe^ 
iiTlfHl  liy  riYwr  ' 
tnaiiy  nf  tWm  nns 
Imrgfi  mtppUm  tH 
kieiil    tlraina^t ; 

viirluti»  <*hiia&rl| 
Ihel'alarliifi 
extrutnelyolijet!tl 
oDo  for  tile  »ti|>p 
lartfa  irrigalioit  s 
Tiia     norDseni 

supply  only  d«t 
average  of  2%^ii 
eacli  year,  aa  Uh 
ar^  1^  feta  aba 
Bills  of  ibl9  w 
gluioi^.  The  ei 
oiipacityof  tliein 
main  CHiial  is  n< 
than  3, 14()  .st^^Ciii 
It  Ih  215  ft*et  wu 
ries  4  fi'et  in  rli 
water,  uu<J  hits  a 
3  ft*et  per  mile 
son  tilt?  rii  main  c 
113  feet  M'icle,  ei 
ff*et  in  depth  of 
mn\  luiH  a  fall  o3 
per  inile  with 
charge  of  2,;J0t)  i 
feeL  Conibmiti 
results  with  the  I 
of  days  during 
the  water  sup 
avaihibk^  it  will 
t  liat  tlie  uf  >rtlierj 
uei  carries  14rO,0( 
feet  during  th<»  period  of  full  supply  and  the  southern  c 
G5, 000 acre-feet.  These  are  assumed  as  the  volumes  which  det 
the  area  cai)ablo  of  being  irrigated. 
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RUSSELLKONDA  TANK,  RU8HIKULYA  PROJECT. 

The  Riisliikulya  irrigation  system  consists  of  two  canals  drawn 
^*X>ni  the  Rivers  Mah;ina<li  and  Riisliikulya,  which  are  tapped  by  ani- 
^vits  built  at  the  heads  of  those  canals,  and  the  supply  further  supple- 
^*^ented  from  two  reservoirs,  the  Russellkonda  and  Surada.  The 
^ussellkonda  is  formed  by  damming  up  a  valley  in  the  bsisin  of  the 
"^ahanadiand  supplying  it  by  an  anient  and  channel  from  the  Gulleri 
^iver,  one  of  the  affluents  of  the  Mahanadi.  The  Surada  reservoir  is 
Constructed  across  the  Pathama  River,  one  of  the  affluents  of  the 
i^ushikulya.  The  length  of  the  Mahanadi  canal  is  19  miles,  while 
that  of  the  Rushikulya  to  the  Chatrapur-Berhampur  road  is  57  miles. 

The  dam  (PL  XXVII,  B)  is  entirely  of  earth,  carefully  worked  in 
layers  with  a  puddle  wall  through  the  center  and  carried  up  to  within 
25  feet  of  the  top  of  the  bund,  as  it  was  considered  essential  to  con- 
tinue it  above  a  i)oint  where  there  was  less  than  15  feet  of  water 
pressure  at  F.  T.  L.  The  front  slope  is  carried  up  on  an  average  of 
two- thirds  of  the  height  of  the  dam  at  a  slope  of  2 : 1  and  from  that 
point  at  a  slope  of  1:1,  and  revetted  with  stone-pitching  2|  inches  in 
thickness.  The  rear  slope  is  2^:1  up  to  the  same  height  and  then  is 
brought  up  in  the  ratio  of  1^:  1.  The  rear  sloi>e  is  turfed  throughout 
with  a  berm  varying  from  10  to  50  feet  wide  at  the  point  where  the 
break  in  ratio  of  slope  occurs.  The  settlement  throughout  has  been 
perfectly  uniform,  and  no  slips  or  dangerous  percolation  have  as  yet 
occurred.  The  maximum  height  of  the  dam  is  75  feet  and  depth  of 
water  58  feet.  Its  contents  at  F.  T.  L.  will  be  2,295  millions  of  cubic 
feet,  and  it  can  be  supplied  from  the  Gulleri  River  in  thirty-eight 
days. 

The  head-sluice  (PI.  XXVII,  A)  is  built  of  table-molded  bricks 
and  ashlar  string  courses  and  ashlar  vents.  The  vents,  three  in 
number,  are  closed  by  ciist-steel  shutters  worked  from  a  platform  by 
ordinary  screw  gearing  with  ball-friction  l)earings,  and  can  be  raised 
without  difficulty  by  six  men  against  the  maximum  head  of  42  feet  of 
water.  The  anient  is  of  the  usual  form  adoptod  in  the  Madras  Presi- 
dency, with  a  clear  drop  wall  0  feet  in  height,  with  an  upi>er  masonry 
apron,  and  longitudinal  retaining  walls,  all  founded  on  wells,  with  a 
packed  rough  stone  and  an  adjustable  loose-stone  apron  below. 

The  Mahanadi  canal  head-sluice  and  scouring  sluices  in  juxtaposi- 
tion thereto  are  built  of  random  rubble  and  pointed  with  surki  mor- 
tar. The  sluices  are  fitted  with  shutters  and  screw  gearings.  The 
Janamalli  anient,  built  at  the  rear  of  the  Rushikulya  canal,  across  the 
river  of  the  same  name,  consists  of  a  main  body  wall  and  a  sloping 
talus  of  rough  stone,  with  one  longitudinal  retaining  wall  and  an 
adjustable  loose-stone  apron  below.  The  w^ater  from  the  Mahanadi 
canal,  being  passed  into  the  Rushikulya,  is  arrested  by  the  anient  and 
diverted  through  the  Rushikulya  canal  head-sluices,  twelve  in  num- 
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ber.  Thi5  Godahallow  aqu«<luct,  e<>nj*iiitin|^  of  15  arches  ano^  tki 
mvvT  of  thnt  iianio,  ij*  40  feet,  widu  and  wiJ!  c-arry  a  niaxuinn«  iU*pti 
of  8  f**ei  of  wat^*r.  The  8idt*  malls  art*  of  raudmu  rut^blf'  in  ,'*urk 
mortar  and  thti  art'ht^s  of  briek  in  mirki  mortar.  A  depth  notrui 
inj^  3  feet  Iiii**  1km* ii  passed  over  it,  miniinetit  tnr  present  i^uiinneDll 
of  the  irrigatiim  below. 

ZIIABA   KARKS^  IliRlOATlClN    PROJEfrr, 

Tliift  aclienie  pn>po«t^  to  store  in  detjichod  ^uaJl  tank8  the 
supply  whieh  runs  in  the  Machka  Torrent  for  a  mouth  ov  R>in  (^pruijf. 
The  site  of  the  sehemo  ami  the  oitebment  baiiin  of  the  torrent  ane 
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15eliiehistaii,  in  the  iiei^liborhood  of  Kliojak  Pass.  In  the  winter  i\^oo('^ 
snow  <renerally  falls  on  the  liills  and  after  melting  filtrates  tlirough  tht 
shale  and  runs  ofT  in  springs  lower  down.  The  l)ed  of  tli*:  torrent  lia: 
a  sh)pe  seldom  less  than  1  in  70  where  it  heaves  the  hills;  a  sliort  <iis 
tanee  lower  down  its  bed  deepens  until  it  is  about  oo  feet  ])elow  tli« 
surface  of  the  plain.  There  is  no  possible  site  for  a  large*  reservoir  an« 
aecordingly  live  small  sites  for  tanks  were  selected.  A])out  six  of  tin 
last  twenty  years  there  has  been  no  winter  supply  in  the  stream.  Ii 
summer  there  are  occasional  heavy  showers,  ])ut  the  floods  last  but  i 
few  hours  and  little  or  none  of  their  water  can  l)e  stored.  The  tank: 
aiv  to  be  filled  by  small  water  courses  leading  from  the  stream  (fig.  »''o) 
and  the  water  will  then  be  utilized  about  the  1st  of  May  in  giving; 
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watering  to  rain-sown  wheat  erops,  as  the  spring  rains  are  gener- 
Uy  sufficient  up  to  that  time.     When  empty,  tho  Ix'ds  of  t  lie  tanks 
viol  be  utilized  for  small 
^^Bops  without    irrigation. 
J  here  are  no  distributing 
^wials,   as  in  no  ease  is 
^■nything    larger    than    a 
"Suge  private  water  c^han- 
'^Bd  necessary. 

The  tanks  are  all  on  a 
^eomparatively  small  scale, 
"<he  maximum  depth  hav- 
rSng  been   fixed   at    VI   or 

"14  feet.     As  no  clay  was 

Jivailable  for  making  pud- 
dle, the  top  of  the  bank  is 

5  feet  iil>ove  the  full  suj)- 

Jly  level,  and  the  inside 

dopes  are  either   pitched 

with  bowlders  or  planted 

with  willows.     The  outlet 

duice  is  a  simple  concrete 

Wall  with  numerous  holes 

0.8  of  a  foot  in  diameter 

placed  at  various  depths 

and  closed  by  wooden 
plugs,  which  can  be  open- 
ed by  hand  from  a  mov- 
able ladder  resting  on  top 
of  the  well.  From  the 
bottom  of  the  well  a  cul- 
vert leads  under  the  em- 
bankment with  stop  walls 
on  the  outsid»>.  There  is 
scarcely  any  local  drain- 
age to  any  of  the  tanks, 
and  hence  no  large  esca^K's 
are  necessary.  As  a  i)re- 
caution  the  toj)  of  the  well 
is  only  carried  up  to  the 
full  supply  level. 

The  total  amount  of 
water  available  in  the 
tanks  for  purposes  of  ir- 
rigation, after  (ledu(!ting 
losses  by  absorpticm,  will  be  1,550  acre-feet,  and  lliis  is  estimated  to 
be  sufficient  to  irrigate  2,570  acres;  from  vrhicli  d^dwv^t,  ^Ay^wl^  '^<\v^^ 
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c«iit  for  the  ba<l  years^  when  there  will  scarce ly  Im*  any  rainfall,  tie 
average  aen^ago  irrigable  during  the  dry  seaaon  wiU  be  at>ont  1,800, 
To  thii*  may  be  adtlec!  200  acres  of  vet- weather  crop  sown  in  the  tanJc 
bed.  The  total  eost  of  constmctiug  this  ^ys^t^m  of  tnnks^  i^  estimated 
aa  being  >2,S00,  und  the  total  revenue  it*  e«tiraat^  to  be  75  cents  per 
acre  J  tn.m\  whieh  it  will  be  seen  that  the  scheme  aa  a  whole  is  eeti- 
mated  to  pay  4  per  cent- 

In  18S7  the  eonstrnction  of  tank  Ko,  4  wa8  authorixedj  in  addition  %o 
which  a  ttinuel  5, BOO  feet  in  length  was  authorized  to  be  eonstnicbed 
under  the  tttreara  channel,  with  shafts  at  every  50  feet  and  curved 
passages  aronnd  each  shaft,  with  a  short  piece  of  opeo  excavatioii 
900  feet  Lii  length.  From  the  last  ^haft  to  the  surface  of  the  graund 
ia  an  open  channel  2,500  feet  in  length  to  connect  t!ie  tinin*^l  with 
tank  NOg4  The  object  of  this  tunnel  i*^  to  intercept  the  subsurface 
drainage  and  thus  inssur'e  a  snpply  to  the  tank,  which  will  immeniely 
inci*ea»e  its  utility  as  an  irrigating  reservoir. 

For  many  generations  there  has  lM?en  an  old  tunnel  at  this  site, 
which  frequently  fell  into  decay  and  disuse  until  again  cleaned  out 
It4i  alignment  is  shoA^n  in  the  accompanying  illustration  (tig,  0]. 
About  the  year  1883  a  portion  came  to  grief  through  a  floixi  findiDjf 
it«  way  down  some  of  the  shafts,  and  since  then  it  waa  not  xmi 
until  its  repair  was  proposed  in  1887.  By  the  latter  part  of  1887,  0 
shafts  and  a  half  mOe  of  the  tunnel  had  been  completed.  The 
water-lx*aring  {Stratum  had  been  reached  and  a  discharge  of  half  a 
second-foot  obtained.  The  old  tunnel  worked  with  a  constiint  dis- 
charge of  i>  second-feet  for  forty  years-  As  the  new  t channel  is  Xm^v 
ter  located  and  in  better  soil,  it  is  estimated  to  give  at  leasl  as  j^"M>i 
Tcsult^s  as  the  old  one  did.  The  slope  of  the  tunnel  is  3  in  l,0(Mj,  the 
sections  3  l>y  1.7  feet,  or,  say,  5  square  feet,  which  vrith  a  mean  vek»o- 
ity  of  1.8  feet  per  second  will  giv^e  a  maximum  discliarge  of  9  second- 
feet. 

The  estinuited  cost  of  this  work  is  nearly  $4,000.  The  rates  paid 
were  10  cents  per  lineal  foot  in  depth  of  shaft  and  20  cents  per  lineal 
foot  of  horizontal  tunnel,  the  excavation  being  entirely  in  eai-th.  The 
returns  estimated  are  as  follows:  Discharge,  9  second-feet;  areii  irri- 
gable by  1  second-foot  or  duty,  150  acres;  rate  per  acre,  ^l.o<'; 
gross  revenue,  about  $!,<)( )().  The  maintenance  charges  will  amount 
to  practically  nothing. 


CHAPTER   IX. 
RIVER  TRAINING  AND  liAND  RECIiAMATION. 

RIVER  CONSERVANCY. 

Ill  connection  with  all  irrigation  works  maintained  on  the  great 
plains  and  deltaic  rivers  of  India,  river  training  and  improvement 
-works  must  be  constructed  in  order  to  maintain  the  stream  in  the 
channel  which  will  cause  it  to  do  least  injury  to  the  various  irrigation 
works.  During  seasons  of  flood  the  branches  of  these  great  rivers 
change,  as  does  the  Missouri  River,  tearing  into  enormous  tracts  of 
the  surrounding  country,  and  they  would,  if  not  properly  guided, 
destroy  great  portions  of  the  canal  and  remove  hundreds  of  acres  of 
valuable  irrigable  land.  In  addition  to  this  destruction  of  property, 
tbey  cause  severe  inundations  during  the  times  of  flood,  which  destroy 
valuable  crops  and  property. 

These  inundations,  when  of  small  magnitude  and  confined  within 
reasonable  limits,  do  little  harm  and  even  much  good  may  result  from 
them.  They  do  not  increase  the  healthiness  of  the  neighborhood, 
bat  the  silt  deposited  by  the  water  tends  to  fertilize  the  land, 
thus  enabling  richer  crops  to  be  produced  with  much  less  trouble. 
Autumn  crops  which  lie  along  the  edge  of  inundations  of  this  minor 
class  are  usually  defended  by  earth  embankments,  which  are  often 
miles  in  length.  These  embankments  are  of  no  great  height  or 
solidity,  and  are  merely  built  in  comparatively  shallow  water  to  save 
^he  crox>s,  but  inundations  of  greater  magnitude,  where  the  waters 
attain  great  force  and  extend  through  the  heart  of  a  large  district, 
destroying  houses,  bridges,  and  canals,  and  washing  away  land,  are 
of  another  kind.  In  providing  a  remedy  for  this  class  of  inundation 
the  engineer  must  possess  great  skill  and  patience. 

The  planting  of  Nanel  grass,  which  is  a  long,  coarse  variety  of 
water  grass,  when  the  plantations  are  properly  arranged  and  progres- 
sively made,  gives  one  of  the  best  means  of  reclaiming  parts  of  the 
river  which  are  beyond  the  proper  ])oundaries  of  the  waterway.  This 
grass  thrives  in  the  streams  of  India,  the  cost  is  much  less  than  that 
of  any  other  treatment,  and  the  reclamation  is  performed  by  the 
action  of  the  river  itself,  by  the  deposition  of  silt  due  to  the  reduc- 
tion of  the  current,  so  that  water  highly  charged  with  silt  at  the  upper 
end  of  a  plantation  is  often  found  to  issue  from  the  lower  end  with 
little  or  no  discoloration. 

Above  and  below  the  head-works  of  the  Lower  Ganges  canal  at 
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Kamr»  tho  river  flown  tli rough  a  law  bottom  lait^l  wlitch  is  litiiit«id  al 
tome  (list anew  back  f rc>in  it**  bauku  by  a  bluff  atxmt  ^i  feet  in  hti^t 
tt  whn  iiumediatelj^  found  necaftnary  to  constmet  training  wot]»  io 
pr©v**nt  !lie  streaiu  from  cuttiitiT  hit**  this  Wttoiu  Uiidf  ttii»llEriiio| 
BH  C'tid  of  the  weir  from  alK)V«^,  nr  p6rhap«  cuttinj^  mto  the  bank  and 
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Fi(i.  ♦iT).     Trjiininjr  works.  Lower  (4HTi^f»*s  canal,  Narora. 

d(»stroying  the  canal  itself  Inflow  the  weir.  These  traininir  works 
exleiid  4^  miles  ai)ove  tin*  head  of  the  eaiial  and  about  15  miles 
below  it  (fig.  (Jo).  The  Avorks  eonsisl  (mi  the  upstream  sideuf  the  weir 
of  a  long  earthen  embankment  from  which  other  embankments  of 
earth  jut  out  at  right  angles  to  the  course  of  the  stream,  thus  foreinj: 
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trlie  current  over  to  the  other  side.  At  first  these  embankments,  or,  as 
"fhey  are  called,  ''groins,"  were  constructed  so  as  to  point  down- 
stream, making  an  angle  of  perhaps  45**  with  the  courae  of  the  cur- 
rent, but  it  was  found  that  they  did  not  work  well.  They  have  since 
>3een  realigned  so  that  they  project  at  right  angles  to  the  stream,  and 
*^re  placed  exactly  one-half  mile  apart,  and  they  are  found  to  pc^rform 
t^heir  work  excellently.     As  yet  none  have  failed. 

These  groins  are  often  very  long,  some  as  much  as  2.}  miles  in 
length.  They  are  simply  straight  embankments  of  earth  10  fo<^t  wide 
on  top,  with  slopes  of  1  on  2.  The  last  150  feet  at  the  end  of  the 
jLp^in,  or  the  nose,  as  it  is  called,  is  paved  with  heavy  stones  to  a 
depth  of  2  to  3  feet,  and  at  50  feet  from  the  end  a  spur  50  feet  in  length, 
similarly  paved,  is  run  at  right  angles  to  the  line  of  the  bank,  point- 
ing upstream. 

At  Ilardwar,  the  head  of  the  Ganges  e^nal,  the  river  runs  In^tween 
high,  steep  gravel  and  rock  banks,  on  which  it  is  able  to  make  no 
impression  by  erosion,  and  training  works  are  therefore  unnecessary 
below  the  weir.  Alx)ve  it,  however,  the  bed  of  the  stream  is  so  broad 
and  is  divided  into  so  many  channels  during  the  dry  season  that  it  is 
necessary  to  construct  extensive  training  works  to  keep  open  a  per- 
manent channel,  known  as  the  Ilardwar  Channel,  which  passes  in  front 
of  the  head  of  the  canal  and  supplies  it  with  water.  The  fall  of  the 
river  above  the  head-works  is  8  feet  per  mile,  and  at  low-water  stage 
it  has  a  velocity  of  6  feet  per  second.  This  velocity  is  many  times 
greater  in  periods  of  flood.  As  shown  in  the  plan  of  the  head-works 
at  Hardwar  (fig.  IS),  the  training  works  consist  of  bars  sunk  into  the 
river  channels  to  prevent  the  retrogression  of  grades  and  the  conse- 
quent destruction  of  the  dams;  of  weirs  to  turn  the  water  into  the 
Hardwar  channel;  of  rect^angular  groins  projecting  into  the  river 
similarly  to  those  on  the  Lower  Ganges  canal,  in  order  to  keep  the 
water  in  the  Ilardwar  Channel;  and,  lastly,  of  embankments  of  l)OWl- 
ders  to  protect  the  weaker  portions  of  the  river  banks.  Great  dil!iculty 
has  been  encountered  in  maintaining  the  integrity  of  the  noses  of  the 
groins,  as  the  heavy  floods  undercut  these  and  cause  them  to  fall  into 
the  river.  Great  concrete  blocks  '^  by  5  by  2  feet  in  dimensions,  weigh- 
ing 2  tons  each,  are  first  dropped  into  the  river  as  a  foundation  for  the 
groins.  When  these  reach  the  water  surface  the  end  of  the  groin 
is  built  up  of  loose  concrete  blocks  in  a  regular  manner,  and  the 
remainder  of  the  groins,  constructed  of  bowlders,  is  run  back  from 
this  end.  As  the  floods  wash  away  the  foundation  blocks  the  built-up 
portion  of  the  groin  falls  in  and  replaces  them,  furnishing  a  new 
foundation,  and  this  in  turn  is  itself  replaced.  Thus  in  the  course  of 
a  few  years  the  bed  of  the  river  l)ecomt*s  filled  to  such  a  d(»pth  with 
these  blocks  that  further  destruction  ceases  to  take  place,  and  the 
groins  will  then  stand  for  many  years. 

At  the  head  of  the  Agi'a  carnal,  «t  Okhla,  the  weir  which  diverts  the 
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iraier  mU*  tbeeanal  U«-ad  U,  as  before  d^ic^lieil,  c^onstmci^d  uf  I 
fmtid-|>liif:^H]  ^lcks^  itnd  la  |>ra^*rTe  it»  laieicrity,  mid  at  ttif^iajm^l 
ia  tmin  tli^  citirm*^  of  tJta  Jutema  Hirer  toward  ita  riglit  hank 
'  agatttsi  the  h«ad  of  Ui«  ottmli  groLut^  at  a  p^^uliar  form  of  coo^ 
tioii  nn^  run  out  at  Hght  angles  to  tlie  luie  of  the  w>^ir  (Sj^.  f*^! 
IMiniUcI  f-o  ihi*  i'!<iiirrt<*  of  tli€^  river.     Tliee^  works  an*  known  aa"^ 
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Fhi.  <)<;.     Truiiiini;  wr.rks,  Atrrn  'unHl,  Oklila. 

pitor  <j:r()ins''  from  their  peculiar  form,  wlik'li  soinewliat  resei 
thatof  an  alli<j:at(M\  They  are  const i-ucted  of  loose  stones  <lii 
into  the  river  witliont.  any  foiiiuhition  on  whieh  to  rest,  tlie  to|)^ 
sides  of  tlie  groins  l)eing  carefully  hand  laid,  so  as  to  give  tliem; 
and  int(»grity.  The  Hoods  annually  wash  away  ]K)rtions  of 
groins  at,  first  and  during  low  season  llu\v  have  to  l)e  repaired 
like  those  on  the  Ganges  canal,  in  the  course  of  a  few  years  the 
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jrock  underlying  the  groin  becomes  so  great  that  repairs  rapidly 
■soinish  in  amount  or  entirely  cease  to  be  necessary.     The  tendency 

"file  water  in  the  river  is  to  flow  in  a  direction  nearly  parallel  to  the 
Mm  of  the  weir  and  toward  the  nnder  sluices,  thus  destroying  the 
ftiir.  These  groins  cause  portions  of  the  water  to  flow  over  the  weir 
'  Tight  angles  to  it,  thus  doing  it  no  injury.  Other  portions  of  the 
ream  are  forced  over  against  an  island,  indicated  in  the  accompany- 
Ig  plate,  and  t^»nd  tro  remove  it,  at  the  same  time  furnishing  a  supply 
*•  the  canal  head. 

Spoonbills,  or  legs,  are  run  out  from  the  groins  at  right  angles,  and 
1)erm  10  feet  in  width  is  built  around  the  end  of  the  gi-oin  and  the 
N>onbill.  The  jiortion  annually  destroyed  is  the  berm.  This  falls 
%o  the  river,  leaving  the  main  body  of  the  groin  intact.  The  top 
the  groin  is  built  at  an  elevation  of  1  foot  above  highest  flood 
Tel,  and  the  top  of  the  spoonbill  is  7  feet  below  flood  level. 

LAND  RECLAMATION. 

A  good  deal  has  been  done  in  some  of  the  more  swampy  p4>rtions  of 
mdia  toward  the  reclamation  of  swamps  and  tlu^ir  con  vei'sicm  into  v  alu- 
ble  agricultural  properties.  This  reclamation  has  l)een  most  exten- 
vely  practical  in  what  are  known  as  "duns,"  especially  l)ecause  it 
icreases  the  healthf  nlness  of  these  regions  by  substituting  for  marshes 
ry  land  under  cultivation.  Swamp  reclamation  has  been  practiced 
1  various  parts  of  the  United  States  and  the  methods  are  essentially 
he  same  in  chara<?ter  as  those  employed  for  the  same  pui*pose  in 
bdia. 

In  re(*laiming  mat's]!  lands,  such  as  those  in  the  "duns,'^  it  has  l)een 
onsi<lered  usually  essential  first  to  make  a  complete  survey  of  the 
tegion  in  order  to  discover  the  sloi)e  of  the  lands  in  the  direction  in 
rhich  cuttings  for  the  purpose  of  drainage  can  best  be  made.  The 
mes  on  which  the  drainage  cuts  shall  be  made  having  been  laid 
lown,  it  remains  simply  to  so  design  these  cuts  that  they  shall  com- 
Dand  the  gross  area  of  the  swamp  in  the  most  economical  manner,  and 
ihall  completely  remove  the  water  from  it.  Some  of  these  drainage 
forks  have  added  thousands  of  acres  of  valuable  land  to  the  agri- 
loltural  regions,  and  have  changed  fever-stricken  neighborhoods  to 
lealthy  cultivated  fields  where  fevei*s  are  scarcely  known.  The  finan- 
ial  returns  from  some  of  these  works  have  been  even  greater  and 
lore  satisfactory  than  tliose  from  irrigation  works  i)roper,  and  recla- 
nation  works  of  this  character  are  now  prosecuted  in  India  with  as 
luch  zest  as  is  the  ccmstruction  of  ca^nals  or  storage  works. 
IRR  87—03 15 
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;e  and  value  of,  l«00-lfl01 ....       W) 
infkUat 44 


l»Ugl'. 

Kanurc,  ust*  of Hh 

Maiw  of  India.  i'lmra4*t4M-  <  if  15ri 

Marsh  lands,  rt«<'lamatioii  of  225 

Maitcmry,  (MN't  of :n,lH« 

durabilityof lff> 

Masonry  dams,  designs  and  <*onstru<*ti(m 

of IMK  \W 

Materials  used  in  construction  of  irriga- 
tion works,  c<jst  of 1»H 

McNeill.Col.J.M..aidby IH 

Medley.Col.  J.  (4.,cit<«d  on  Klui<*cwayH  of 

Mahannudy  weir 121 

Mcdlicott,H.B.,and  others  of  alkali  roiii- 
mission.    rei>ort   «>f,    extnwtw 

from U5«tJ 

Merriman,  Col.  ('.  J.,  Ashti  tank  i)liinsi>r»*- 

IMired  under  orrlersof 2llf>  2i)7 

Meteorology,  featun»M  «>f      4:i-45 

Mhaswad  tank,  data  concerning;.       .      2m 

MidnaiM>re  <-anHl.  Rengal.  dutu  •oncom- 
ing       «rt-H: 

Millet,  a«^r(»age  and  value  of    ...  ({0 

lands  suitable  for  growing  :fr.:*K 

Mihau,  weirs  at     I(W 

Mogul  canals,  constnu'tion  of  47 

r«»storation  of    .  is 

Mol»»swortb,  (t.  L.,  cit«Mi  on  <lcsijfiis  f«»r 

iniisonry  dams       I!4l 

Mol«*HWortirH  formula  for  iirottlc  tif  urn- 

sonry  dams IWI .  1H2 

Moncrieff,  Vol.  Sir  S<-ott,  ai<l  l>y     .    .  24 

M<Miltan.  rainfall  at 44 

temperatur«»  at 4f> 

M<irtality,  rate  of 35 

Mortar,  metlKsl  of  ]>rf*iiaring  .     .  Irt)  Itt> 

testwtif \W)  m 

Mount.     >*<*•*'  lU'Xt  irnni  in  ntnm  . 

Mot,  ilgure  and  plate  showing 74.77 

use  of,  for  lifting  water .    .   .     .  75 

Muddur  weir,  i-ross  siH'tion  «>f .  HW.  1 10 

Mullins,  (len.  J.,  cited  on  conditi<»ns  t<» 
1m>  considentd  in  undert^iking 
the  <'onstru<^tion  of  irrigatiini 

works 157 

cited  on  dimensionK  of  dams     .     ...'.ill  212 
formula  of,  f«»r  protilc  for  niasimry 

diims \\t* 

Mutlia  canals,  >)ridgcsHn«l  lu*H«l-^;ut«'s  tif. 

construction  of i:{ 

cityof  P(Kniasui)]>licdby  wuter  from.        5S 

cost  of 155» 

distributaries  on,  ])lans  of  lieads  of  14^ 

duty  of  water  alinig «7 

head  of 12 

history  «)f KM) 

inspection  of 12- IH 

map  showing  hsratirm  of ItU 

municipal  s«*rvicc  of  water  >)y    5S 

revenue^s  derived  from IHn 

si(rkness  along,  causes  of fV4 

statistics  concerning l.'rt).  IliO 

Mutha    irrigation    project,    <lcscription 

of liiO-ltW 

map  showing 101 

Mutha  Kiver,  cours<'  of,  map  showing  .         Ifll 
scarce  of W) 
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trftinlOR  works!  at^  diiiKti|itiino 


Nibtlml  Mj  tj*id«f ?t»  f uundo  tioiwi  of ,,.,..,. .      1*1 


named ,. . .,. 

datji  i-rmt^eirtJiii^ 

woir  nt  hettd  of  ^  mIqIihm  i&. 


hirtttiry  iif !30'14<t  i  ihulliT&n»  eultli^AtiMi  j^f«<1  irHipti 


of ._,.,...„.      14S 

rUnbtna  iei 

N»rc*m.    limdworlt*  om    Lower  <}w«i» 

«*ml  Hi .  I«>.  m 


frrign&tJon  works  in.  < 

^3ttt?nt  t*f , *,.*H 


trAlnliJ)?  work*  nt . . . 


w**lt  ttt,  fuMtiirt*  of, ,  — ,  IH J  iS-lIH«  110.  t0(  I   PdJihr  nnU-tit  iiytit«in,  tlmtii  cmmvifin 

injil^tHjiT  nN»^1  ftip       ^ ,..,.. ,    ....       1 W*  !  rlcNrrilttUm  of   ....      

^  liUfcim  nf ,.*..p.**,.*,,*  IW,1»J  I         mnpt&lio^irLUK  .., .**,..... 


"^nrlitiLtlnti  i*f  tAiifHul  Hvi«rM«  iiitlmil,(if  Irrl* 
tffitloii  nti . . .    . 

t.iivirlf        ..,.^  „,.**,.„,  ,.  -. 

If isgmr,  MtlttOJl lit -...,,..*«**,,.,*. .,.*,» 
Nllo  RlTvp.  trriimtlfrti  workn  in  d^iltA 


wHr 'if 
l^ilini*r.  K  I  ■  ,  f'ltwl  tm  dfitr  rtf  i 


Nini  canal,  i'utclniu'nt  Iwisiii  for 

rust  of  . 

(Toss  s«'ftinll  <.f.  (lillH-Tlsioiis  of 

fiunif«-  showiiii; 

rXl»«'IlS4's  of  . 

li.-:i(l-\vorks,,f,  «U's.  rii.tioii  of 
])liiiisaii<l  st'<ti(.ii  of 
r«'^'iilutiiiK'  ^'!it<-s  Hi 

history  of         ..    

irrii:ati<»n  from,  tiiiu-  r.<niirtMl  for  7:> 

l.Miitioii  of.  iHJii)  showiiiLT  ir.l 

n'u'ulator  iK'ud  on.  plan  of             _.  I7n 
sn})«'ri>assam'  of.  at  sijihon  foi-  .T<'wliar 

Torr.Mit                   ,  171.17:.' 

wi'ir  at  ln-ad  of.  <-ross  s«M'tion  of  17n 

Nini  ranal  system,  cost  of  l.V.«.  17:,* 

<lcscri])tionof                         |tU{  I7:i 

map  showing                  .  Ir.l 

rcvcnui's  derived  from  1T:{ 

s(»nrc<'  <»f  water  for  !:{ 

statistics  concerning'  l.V.i.  I»ki 

views  showing;  works  of  lt;i.  MiS.  I7ii 
Nira  Kiv<'r,  maj)  showin;,'  course  of 
Northwo.st  Provinces,  area  <nltivate(l  ami 

irri«ate(l  in  :r» 

canalH  in .  s^»  ".17 

irrij^ation  by  wells  in  7.'> 

area  s<'rvefl  by  ,> 

cost  of .           .> 

extent  an<l  <'hjiracter  of  .'>s 

revenue  derived  from  ."v^ 

rivers  of,  di.H<'harK'e  of  s.^ 

NuzidyHl  tank,  features  oV  >* 


x~'  Patna,  iiiinfall  at 

1H4  Patna  <-unal.  e<»urs<' of      

I7:i  Patrala  Sf)nibe.   ina!^>nry  dani>- 
IiM  struct  ion  of 

no  Pattiala.    Maliarji.jalj    of.   nieutio 
ir. »  connection    witli    can; 

1«H»  111  Sutlej  Ihv.'r 

1»H»  17(»  Pease,  irripition  of.  from  A^m  r 

l:>  Peile.  .1    P..  and  otliers,  cited  on 
lt>:i  Kd  irritrafion  works 

7:>  Penner  Canal,  data  conc«'rninK'. 
Peiiner     River    delta.    irn^T\tior 


in 


Penny.  ('ai»t    i\  H..  Asliti  tank  ]> 

bv 
PeiHiycnick.  Ma.joi-.  .ited  (.n  fori 
profile  of  masonry  <lai 
rejjort  on  Pi'riyar  canal  jiroj*. 

by 

Peraimy  River,  weir  on      

percolation,  diairrHms  illustnitin 

losses  >»y  _ . 

observations  on 

Ill       Perennial  canals,  data  concernini 
P«-riyar])ro.iect.  dam  for.  materia 
:r»  construction  of 

<lam  for,  seetion  of  .    . 
view  showin^^ 

descrii)tion  of 

head-works  for.  jdan  of 

plan  of  

res«-rvoir  for,  cajwicity  (»f  _    . 
Peis^ian  wheel,  figure  and  plate  •.! 
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**^«totAmr»nHl  Ix*«Ih.  iiri'Ventiinuif  |fr«iwth 

t.f       Hir» 

*^«^  Hirer,  Italy,  w<*Ir  acmfw d4 

^^^c^ona,  lft>K»r  priow*  at IWi 

Kti>raK«*  rp«*ervoir  uear IHH 

ta&nd  for  Mutha  canal  at MHi 

water  Hupplied  to,  by  Mutha  <*anal.  58 

^**3omiah  weir,  mention  of IW 

^"^»W»y  <  fwr  opinm)  production  of ...        117 

**«"j|»ulatlon  of  India,  by  province,  tabl»« 

Hhowinf? '.& 

total tt 

X*^c»ter,Hon.  A.  (4.,aidby    24 

-fc^otatoeM,  pnKlurtiiiu  of Iff 

^Precipitation.    St-*'  Rainfall. 
^^•TovinceH  of  India,  an»a  and  iMipulation 

of,  table  HhowinK 

^^tUne,  acreage  and  vahn*  of.  I'M*)  IVHH 

^*Tmiary  tank,  dam  of 

X^njab.  an»ii  and  ]>opulHtion  of    

arfia  •'ultivat«'<l  and  irriirat«Ml  in.      :r».5H.  7H 

<-aujil»in 7H8I.<»7  1(H 

irrikfutiini  by  wi'Hh  in    T'* 

ar«'H  s<Tviid  by      ."»K,TS 

:«.'>H 
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H«M»tion  of.  at  dam  ftir  Sidhnai 
Reay.  Li>rd,  reference  to 
ReliMith.  Mr.,  aid  by  .     . 
Reh    <^>UlmiHHion,    reiM>rt    of.    ♦■xtracT'^ 

from iut  t'Ai 

R*»id.  H.  S.,  and  othemof  alkali  coinuii- 

sion,  report  of,  extriM't  from      il'i  <v; 
Rciiiiild.  E.  K.,  weir  jrate  devis«'d  l»v.  di' 

rtcriptionof Hv;  i»;«» 

wi'ir  K»t*>  devisi'd  by.  plans  tiiMl  mm- 

tionHof lu;.  i»i;.i«»»< 

R#»>;«*rvoir8,  d^jwriptions  of  . .       .   .      ll».  l."»H 'Jriii 
R«' venue  from  irritation  works,  Hinoniit 

r»f .")K 

niiKle  of  rollectintf 4»  oO 

statiHticH  coneerninff '.H  'M.  iiTi.  .'>7  'ii< 

Bi«*e.  ai'reatire  of . .  .         :i\.:r,.W 

irrijfation  of.metlKKlHenijiloyi'd  for         l.")l 
landnuHed  fr>r  prtKluction  i>f  X 

Heawjn  for  Ki*owinK :JK 

yield  of,  per  acre '.<t 

River  i«n»ervancy.  met  htKlH  of ±fl-iS» 


l'<Jist  of 

♦•xtent  (►f •> 

n*vi»nui*  d**rive<l  from        .V 

land  rcntaJ  t»r  taxation  in "d) 

laud  t«'iiurf'H  in .V» 

rainfall  in ViA4  i 

n-venue  from  irrii^tion  workM  in  'U  | 

riverH  of,  diwhana*  of w  | 

topofcraphy  of HH  | 

wheat  pn^uotkm  in Wi  B7  I 

iHithri   T<irrent,  acinislwt  over  (4ani^fw 

canal  for. i!\.V2.]Mt  141 

U. 

Railway  travel  in  India,  feat  ureH  of  ...  1  .'i 
Rainfall,  amount  and  diHtrilmtion  of  ...  Vi-  M 
Ranipnr  Torrent,  ariueduct  over  (}an;<((tM 

canalfor i^I.ltt,  1441  141 

Rapiibt  and  falbi,  diMCUHHlon  of 1  :U  IHil 

Ravi  River,  irrigation  canalM  from MM(ii) 


l-HKe. 
River  flow,  rate  of,  nuidet>f  det«<rinininK  7^ 
RivorH,  breadth,  fall,  and  flisfhurtrc  of. 

table  Hliowing 
navigation  of,  an  affii-ttMi  liy  wiit«'r 

draft  for  irri^ition 
River  traininK,  niethodH  <if    ..     .  .-iaj  ii4 

RiveTHide  landM.  n^'lamation  of.liy  plant 

iiiK  of  Xanel  fcram. 
Roatl  i'roHBinjfB  ov«'r  cunals.  l)riilfcr»'»*  at. 

form  of. . 

R<K>pana  weir,  data  conc*>rnin^ 
RiKirkee.  afiuedm-t  ni?ar  . 
exauiinationH  made  ut . 
K4)tto  canal,  Italy,  n*f«'ri'n<'i*  to 
Ruudall.  Colonel,  rrferen**- 1«» 
R«'inol<l.  K.K..w««irjrat«Ml««vis4'<l]»y     hvi  | 
RuiHir.  lii-ad-works  of  Sirhin«l  runal  near 
Knshikulya  project.  (l»»S4Tii)tinn  «»f  !.' 

RiiKM«*ll,  S<'<itt.  cited  ini  slojn*  .»f  dams 
KnsHellkonda  duni.  view  of 
RuHwUkonda  ln-ad  sliiic»«,  vii-w  «if 
UuHM'llkonda  tank,  di's«-riptiiin  of  :i 

Rutnio<»Torrcnt..juncti«inof,witli(ian;fi«M 

canal  :.'!.'.«.  H:.'  14;j 

vifw  HliowinK  U~ 

Kyul  war!,  lain!  tenures  « if  .V» 

KyvHM.  Major. rej  11  irt  maileliy.on  IN-riyar 

•  anal  i»r<»je<t  ...        l.s:.' 

Uyves's  r«irmiila  f<»r  tl«»o<l  diseluir^^e  lr««m 

catchnu-nt  liasin. statement  '>(. 

anil  iNM'ltlcii'nt  fi»r       l."i»'i.  l.'>7 


an 

\r^ 

.ia» 
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L'4 

nil 

♦;7 

IIJS 

\i>* 

M7 

•-MS 

lM(» 

rilii 

'J\i\ 
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:.MH 

Saharanpiir  division  of  KaHtern  .Taninn 

canal,  irrijrated  area  in 

Sakkur.  tl<Mid  diH<•llar^r••  of  hubis  Kiver 

aln.ve    .     . 
Sahi^^fia.  Italy,  canals  near,  evamination 

of 
Siin^ain  anient  pntject.  des«-ription  «if 
Sankey.  Maj.K.H..citeil  «»n  nuxle  «if  inn 

•*trnction  <»f  old  i  native    head 

works  «if  canals 


4:; 


:ti  rjr. 
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:nn.'.nt\ 


anal. 
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cite<l  on  nsi'  <if  tanks  in  Mysore 
Sunthia.  Italy,  irrii^atirm  works  n««ar. 

aniina1i«»n  or 

SasiK)n  sii]>eiirti.s.sap«  over  Slrhind 
des<'rii»tii«n  of 

plan  and  section  i»f 

S«'linyl«'r.  Knj^«*ne.  aiil  l»y 

S«-ourinj;  sbiices.  des«Ti]»tion  of    . 
Second-foot  of  water.  dcJlnitmn  «»f 

irripitin>ri)ower  iif 

Se wall k  Hills,  ^'I'ol.ijrx  of 

SliH<louf.  n-<e  nf.  fi.r  lift  im^  wat«'r  .  7.') 

Sliutter  u'Mtes  in  «lams.  de.s<'riptions  anrl 

llK'Uresof XJ.  llti.llll 

\'i).  \vk!.  iii"i,  H«  URi.  r,;.  iTK-isi.  isr» 

SickncH.s  aloni;  Delhi  <-anal.  cau.'^i's  of  W 

Sidhnai  canal,  area  irrij?a>»lc  under  KM) 

character  of            «»? 

coHtof      lul 

c<iurw*  <if l(Mi 

crops  irri>rjit«'<i  from      Km 

diwhar^^e  t>f Ki] 

duty  i»f  water  under IIN) 
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^idkoA^  wi.«t r H  T»l*«  t«wl  »**f" *lf  n  iif  11 « 

I  ym»wlth .,,,-..        ^ 

fif itfi.im 
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SklpWoHh,  I'nl  tr  T  >  h'fiT<'li4t*  To 

iH.al 

t4|(tjif  mC  ImtikH 1  ^M^U  Iff  <'uriJiU, 

iJntii 

rftt^r^'riiiiiK 

im  11  r 

Wl  nil  ■  1* w  iiy  h ,  Um  1 1 1  r*  >«  ^  >f 

II1A1»I 
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ii'ivi^itioTi  ul;'  t^ijt]!!-^  riv**rK 
ilUiitiHl   oit   ]iUH.1i^  nf  i-ikiit^l.put't  inn  of 
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drwiltSMi  itttMl  iiQ 
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LETTER  OF  TRANSMITTAL. 


Depabtmbnt  of  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
WashingUmy  D.  C,  March  SO,  1903. 
tK:  I  have  the  honor  to  transmit  herewith  a  manuscript  by  George 
lollister  and  Marshall  O.  I^eighton,  relating  to  a  serious  flood  in 
Passaic  River  basin  in  northern  New  Jersey  in  February  and 
ch,  1902,  and  recommend  its  publication  in  the  series  of  Water- 
ply  and  Irrigation  Papers. 

le  region  affected  by  the  flood,  although  a  limited  area,  contains, 
"oximately,  one-third  of  the  population  of  the  entire  State.  Owing 
s  proximity  to  the  city  of  New  York  and  to  itsnatural  advantages  of 
•water  frontage  and  water  powers,  it  contains  not  only  many  attract- 
residential  suburbs,  but  also  important  commercial  and  manufae- 
Qg  centers.  The  vested  capital  and  community  interests  are  large, 
it  is  therefore  desirable  that  the  occurrence  and  progress  of 
it  floods  in  the  drainage  area  be  thoroughly  un<lersto(Kl.  This 
stigation  into  the  most  disastrous  flocnl  i^ver  known  in  the  Passaic 
ey  is  of  timely  interest  to  all  classes  of  citizens  dwelling  on  low- 
B  subject  to  floods. 
Very  reBpeotf oily,  F.  H.  Newell, 

Hydrographer, 
yn.  Charles  D.  Walcott, 

Direciory  United  States  Oeologiccd  Surneij. 
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U.  •.  OEOLOGICAL  SURVEY 


A.     RAILROAD   BRIDGE  AT  PASSA.C   BRiDiiE. 


THE  PASSAIC  FLOOD  OF  mn. 


By  (4.  j;.  IIoLLisTER  and  M.  <).  Lekjhtox. 


IXTUODrC'TIOX. 

Lalo  ill  February  ?incl  oarly  in  March,  1IH)2,  tliorc  oceunMl  upon  the 
dmiiiHge  basin  of  the  Passaic  River  in  northeastern  New  Jciscv  the 
most  disastrous  flood  in  the  history  of  tlic  region.  Not  only  was  tlie 
dis<?harj<o  tlio  largest  re<*orded,  l)ut  the  flood  was  tlic  most  destructive 
to  life  and  property  in  the  setth»nicnts  ever  known  alon^  the  valley. 

In  tlie  followini^  pages  it  is  i)roposed  to  outline  the  history  of  this 
flood,  describe  the  conditions  under  which  it  occurre<l,  irive  the  esti- 
mated volume  of  its  discharge,  and  indicate  as  well  as  i)ossibU»  the 
nature  and  extent  of  the  daniagt^  resulting  from  it. 

The  dat«and  information  emlxKlied  in  the  following  n* port  were 
obtained  by  pernonal  ol)»ervation  whiU»  the  flood  was  in  ])rogress  and 
after  it  had  sulisided  and  from  various  water  companh»s,  manufactur- 
ers, and  residents  of  the  flooded  areas.  Acknowledgments  are  esp<»- 
cially  due  to  Mr.  J.  11.  Cook,  of  Patei-son,  engine<M'  for  the  Society  for 
the  Establishment  of  Tseful  Manufactures;  to  Mr.  M.  li.  Sh(MT<Hl, 
eugineei;  of  the  water  d(»partment.  of  the  Newark  board  of  public 
works;  to  Mr.  R.  M.  Watson,  of  Wise  &  Watson,  cMigineers  of  Pas- 
saic; to  Mr.  C  C.  Venneuh*,  from  whos<»  vahiabh*  report  on  the  water 
supply  of  Now  Jersey  much  data  have  been  taken  regarding  tlu» 
physical  condition  of  the  watersheds,  and  to  others  whose  help  or 
Hugi^stions  have  lK»en  of  value. 

As  the  regi<m  un<h»r  discussion,  though  <-omi)aral  ively  restricted,  is 
an  iuiiK)rtant  one  owing  to  its  dense  population  antl  raj)iflly  in<'n»as- 
ing  industrial  development,  and  as  the  physical  and  physiogra|)hic 
conditions  governing  high-waler  stages  on  lln'  i*aNsaic  watershed  ar(» 
p«»culiar,  itis<leemed  ne<*essary  lor  a  full  understarnling  of  t  he  jjresent. 
t\(HH\  to  dewM'ilM*  brielly  their  most  imporlant  reatnres. 

i>Ks<MiiKri(>x  or  TAssAic  ijasix. 

The  l*assiiicliiver  is  the  most  important  str(»am  in  the  State  of  New 
Jei'soy.  Its  drainage  basin  covers  'JtU.l  square  miles,  about  sis  of 
which  ai'e  in  the  northeastern  jiort  ion  of  the  State  of  New  .Fersey,  while 
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ate  in  the  State  of  New  York,     On  or  near  it«  bank$i  are  ioeAte^i 

0  <3iti6R  of  Paterson,  Pasnatc,  Newark,  Orange,  Eai^t  Oranjre,  an*i 
fsnwy  City,  tlu*  population  of  whirh  coialHtn^il  with  that  of  ailjac^iit^ 
lown^  unti  bom  light*  eciuals  over  50l>,tK>U,  or  about  one- third  theiH>[ii^ 
»tion  of  the  State  of  New  Jersey,  The  quantity  of  sewage  disehnr^'^^d 
from  this  d Strict,  with  it«  great  population,  eeotered  in  the  lomr 
part  of  the  drainage  area^  is  extraordinary,  and  the  industries  duTml 
on  in  the  different  com  in  unities  contribut-e  enormous  amoimts  of 
tnnnfaeturing  infuse,  all  of  which  is  turned  into  the  stream.  The 
itesults  of  this  wholesale  deposit  of  filth  are  that  for  th*^  la^t  5>  uiiiw 
t>f  its  course  the  river  present^s  one  of  the  most  aggravated  easef^of 
pollution  t^j  be  found  in  the  United  States." 

The  wat^r  powers  of  the  Paa^ale  were  among  tlie  fir^t  used  in  tk 
country.  The  Sf>eiety  for  Establishing;  Useful  Man  u  fact  ares  v«* 
formed  in  171*1,  for  the  purpose  of  developing  the  large  power  existing 
pt  the  Great  F'alls  of  the  rassaic  in  the  city  of  Patemon  (PL  I,  Bi 
Other  powers  of  less  extent  are  found  and  improved  at  Fompiati. 
Boon  ton.  Little  Falls,  Dundee,  and  elsewhere  on  the  drninajsre  ar^^. 

The  watiM"  of  the  river  is,  however^  of  greatt!ist  value  for  ^nuBi^ 
ilpal  supply.  It  is  abciMly  largely  amyd  for  thi>*  purpose,  and  tHe 
'demands  of  a  rapidly  i^rowing  jiopulation  in  the  cities  of  northern 
l^ew  Jersey  require  that  a  proportionately  greater  amount  ahall  be 
set  aside  from  year  to  year. 

The  drainage  area,  m  seen  from  Ph  IT,  falls  naturally  Into  three 
broad  topographic  divisions,  vix,  the  Highland  ar€*aj  the  central  basin, 
and  the  lower  valley. 

THE  HIGHLAND  AREA, 

The  Highland  area  i«  the  nuiin  gathering  gnnind  of  the  tribntaries, 
whose  united  catchmi^nt  bamns  cover  -^in  sijunre  niiU^s  nr  "1:1  pi*r*NTjt 
of  the  entire  drainage  area.  It  is  a  mountainous  region  composed  of 
granitic  and  crytalliue  rocks  which  extend  in  a  belt  running  north- 
easterly through  northern  New  Jersey  into  New  York  State,  with  a 
width  in  New  Jersey  of  from  15  to  20  miles.  The  region  has  a  gen- 
eral altitude  of  from  1,00()  to  1,500  feet  above  sea  level,  and  repn^sent.s 
the  remnant  of  an  <dd  and  much  dissected  plateau.  Owing  to  intense 
metamorphism  and  folding  of  the  rocks  and  to  subsequent  erosion. 
the  highlands  lie  in  ridges  which  follow  a  generally  northeast-south- 
west tn^nd.  1'hese  ridges  are  transversel}'  trenched  by  tlu^  tlie  main 
arteries  of  the  tributaries  in  steep-sided  valleys  whose  lK>ttonis  Wo 
from  :M)0  to  G(H)  fcM't  below  tlie  crests.  Tlie  most  important  tributarit^ 
which  occupy  this  i-egion  are  the  Kamapo,  Wanaqiie,  Pecjuanac 
liockaway,  Wliippany,  and  a  small  portion  of  the  uppei-  waters  of  the 
Passaic  proper.  Upon  it  are  also  a  numl>er  of  lakes  and  artitieial 
reservoirs,  the  latter  built,  b}-  water  companies,  which  afford  <*onsider- 
able  storage. 
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132  are  in  the  State  of  Xew  York.  On  or  iieiir  ile  b»nk»  are  loeaUKl 
the  citleB  of  Paterson,  PussaiCf  Newark,  Orange,  Kast  Oraiij:t%  aii*l 
Jersey  City,  thi^  iKjpulation  of  which  oombiDeil  with  that  of  atljaeeui 
towiii*  and  boroughs  equals  over  50C»,t(tX>,  or  about  oue-thinl  the  popu- 
lation of  the  State  of  Nfiw  Jersey.  The  quantity  of  sewage  dischaq^ed 
from  this  district,  with  it  a  great  popuiatioD,  eentered  in  the  lower 
part  of  the  rlraiuajy^e  area,  Ls  extraordinary,  and  the  industries*  c'arriHi 
oa  in  the  diflfereut  com  muni  ties  contribute  enornjous  amouuts  <»f 
Snifiiifaeturing  refuse,  all  of  which  m  turned  into  the  stream.  Tho 
ff^flultH  of  this  wholfmile  d*3 posit  of  Hltli  arf>  that  for  tht^  last  i?<i  milri* 
of  its  con  me  tho  river  present«»  one  of  the  moui  jiggravated  cases  of 
pollution  U^  be  found  in  the  irnited  Statea,* 

^riie  wpttv^r  lowers  of  the  Paasaic  were  aniong  the  first  usfd  in  th^ 
tioimtry.  Tho  Socit^ty  for  Establishing  Useful  Manufactures  wa? 
formed  in  171)1,  for  the  purpose  of  developing  the  large  power  existing 
at  the  Great  Falls  of  tho  Passaic  in  the  citj"  of  Patenson  (PL  1,  B]^ 
Other  i>owcrs  of  less  extent  are  found  and  improved  at  PoniptJHu 
Boouton,  Little  FailSj  Dundee^  and  elst* where  on  the  dniinage  area, 

Thf^  water  of  the  river  is,  howf^ver,  of  greatest  value  for  aiiniu*- 
ipal  supply.  It  is  already  largely  used  for  this  purpose,  and  tb 
demands  of  a  rapi<Uy  growing  population  in  the  cities  of  northern 
Kew  Jersey  reciuire  that  a  proportionately  greater  amount  shall  be 
aet  aside  from  yeai'  to  year. 

The  drainage  area,  as  seen  from  PI.  II,  falls  naturally  into  thre^ 
broad  topographic  divisious,  vi/*,  the  Highland  art^a,  the  central  bas^iu, 
and  the  lower  valley, 

THE  HIGHLAND  AREA* 

The  Highland  area  ijs  the  main  gathering  ground  of  the  trihiiliiries, 
whose  UTiited  cHtelim«»nl  Itasins  cover  -^1'*  sqiian^  miles  or  -i-l  |M*r  (^/nT 
of  tho  entire  drainage  area.  It  is  a  mountainous  region  composed  of 
granitic  and  crytalline  rocks  which  extend  in  a  belt  running  north- 
easterly through  northern  New  Jersey  into  New  York  State,  with  a 
width  in  New  Jersey  of  from  15  to  20  miles.  The  region  has  a  gen- 
eral altitude  of  from  1,00<)  to  1,500  feet  above  sea  level,  and  n^pivsents 
the  remnant  of  an  old  and  much  dissected  plateau.  Owing  to  inteuse 
metamorphism  and  folding  of  the  rocks  and  to  subsequent  erosion. 
the  highlands  lie  in  ridges  which  follow  a  generally  nortbeast-sontli- 
west  tn^nd.  'riit*s<*  ridges  un^  Iraiisvei-sely  trenched  by  the  the  main 
arteries  of  the  tributaries  in  steep-sided  valleys  whose  bottoms  lie 
from  30<)  to  O^H)  feet  Inflow  the  en*sts.  The  most  important  tributaries 
which    oc'i'npy  this    region    an*   the    Kanjapo,  Wanaque,   Pequanao, 

«ik;nv,L3  ,  \Vhipi>any,  and  a  snuill  portion  of  tlie  upper  watei-s  of  the 

I'OfK-r,     Upon  it  are  also  a  u motor  of  lakes  and  artificial 

hi*  latter  liuiltby  water  companies,  which  affonl  consider- 
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fkK)i\js.     Their  nxU^nt  in  iJ^viOS  msre&,  m-  17  per  cent  of  the  areftof  I 
ba^iiL.     Till*  diHtnbiitiDii  of  the  wet  liitiil»  is  h»  follows:*^ 

W'tt  londtiin  Pfumaic  J?a»fn. 

On  PicnSe  RSvrr  tilKiv*»  C^lmtluau         .         . , . , ,  „, .  11,1 

On  Vwrnnie  Hivt«r  from  Chatham  to  Two  Bridges^  including  Wliij^iAiiy  and 

R^x^kawny       .,•*. * *.* ^ ,_..__..    Ill 

J       On  Pomjjton  RlvipT  »ibovi^  Two  Bridg*^    „.,.-,.^. _,.    t! 

Ou  Piitiisaic  River  fri jm  Littl  e  Fi\ll»  to  Two  Bri  4ges .  •  *  «^  •  . .  •  •• 

Total  alHive  Little  Fiaii*---- .. .....,__,._ ,.. . ..  IIJ 

It  lii^a  iMieu  Batisfjit^torily  cleiiioruitnvt^xl  IkHt  during  atitl  for 
ind*^ finite  period  nftt*r  tha  (xlit^ial  (*pocli  tli*?  haHin  wa*i  octuipiwi  hfi 
lar^*?  IxMly  of  wHi<5r,  iiitproxiuiiitely  IhMM)  }>ciuar©  niUcH  in  ext4*m,  whk 
httM  iKMia  goulogic^iUly  designated  as  '^Lake  Passaic/*^  Kxtetistl 
moral na I  d«|K)^iUs  at  the  outlet  of  the  basin  near  Littk-  Falk 
Patertiotij  with  tlit3  iK>*!jsil*le  assistance  of  niassoB  of  iet*,  foriueJ 
barrier  whicli  kept  the  waters  of  tlie  lake  ni  plat?e.  Evidence  o( 
phase  of  the  region's  history  is  found  in  the  wklesprc^ad  h 
ilepnnits,  whieh  are  responsible  for  the  reinarkabk^  flatness  of  fJlti 
faee  over  tho  northern  half  of  th<5  basin,  the  sitrikiiigeontrast  of  i 
to  the  surrounding  iiiourit4iijm  hris  already  been  nientioneti.  Fnr 
evkleiiees  of  tlie  (t lai'ial  lake  sta^e  ait*  almi  found  in  tin*  gn^il  lua 
whieh  hav<*  reiioiined  to  the  [present  day.  PV.  111^  taken  fnnii  S*h*i:*b 
MoiinUiiti  at  Sin^M<.',  looking  ntjrtli  to  west,  shows  the  purtiunof  the 
wet  lands  in  tin-*  niid*lle  part  of  the  eentral  hasin;  it  also  shows  tl»e 
et*utral  s^H-tion  of  iln^  valley  formerly  ot^rnpiiMl  by  T^akr  Pas?^ii<*. 

Tlit'  PnsNiif  Rivi^r  propi^i"  passi-s  throuj^h  1  his  basin,  i'iil<*rioi:  it  ae 
ji  sujall  stn*atn  in  tin*  sunthweslei'ii  pt>rtion  anil  Howin^'^  g*"n»*rAllj 
northwai'd  in  a  nu^amlerinji:  eours<»  until  it  <'ross«'s  tlie  barrier  of 
Second  ]\h)untain  at  Little  Falls,  and  Fii^st  ^Mountain  a  f«'w  mile* 
farther  north,  at  (Trc^at  Falls,  Patei-son.  The  <lrop  in  thr  tii*st  instainv 
is  about  40  fV'ot,  and  in  the  seeond  70  feet.      (See  1*1.  I\\  J  and  /;.) 

Into  this  rent  ral  basin  the  jjrineipal  tribulari(»s,  with  on«*  txrrptinn, 
discharge  tlu^ir  waters,  and  as  the  <;ra<lients  of  all  of  them  are  sttMjt. 
after  heavy  rains  they  quickly  i)our  into  the  flat  area  such  a  \nhinie 
of  water  that  it  is  unable  to  pass  the  outlet  at  Little  Fall>,  and  f<>r 
days  and  even  W(H'ks  lari^e  portif)ns  of  the  w(*t  lands  remain  uimUt 
water. 

The  ternniud  nioi'aineof  the  threat  trlaeiei*,  whi<'h  was  in)tieed  in  tlu 
lli<i:hland  area,  is  also  found  in  this  portion  of  tin*  watiM-sloMl,  \vlii<li 
it  crosses  in  a  line  of  low  and  much  confuse<l  hills  extendimr  t>«»m 
Summit  to  i>L>rristown. 

The  cent  ral  basin  is  an  at^i-icidt  ural  country  w  ith  relatively  lari:* 
centers  of  population,  the  most  imi)ortant  bein^  Ab>ri-istown,  Suniinit. 

'«  Final  RfjMirt  Ni'W  .TiTSfv  (4»H»ln>firHl  Survey,  Vol.  III. 
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lathrtin,  Mwlison,  Morris  Plains,  Poiiipton,  and  Whippany.  The 
►pnlation  is  120  to  tho  square  mil(?,  and  29  per  cent  of  the  an»a  is  in 
rest,     llie  East  Jersey  Wat^r  ( -onipany  maintains  a  pumping  station 

Little  Falls,  from  which  point  approximately  G3,00<),(X)0  gallons  of 
fiter  {yer  day  are  taken. 

''Hie  ph3'sioj^rai)hic  features  most  alTecting  the  hydrography  of  this 
►rtion  of  the  watershed  are,  fii-st,  the  narrow  j^orge  of  the  riv(»r  at 
ttle  Falls,  which  quickly  becomes  (jongest^Ml  in  times  of  flood  (PI. 
,  A  and   />),  and,  se(»ond,  the  large  expanse  of  the  wet  hinds  and 

the  levol-lying  valley  floor,  which  are  easily  submerged  when  the 
iigestion  at  Little  Falls  takes  i)lace  (PI.  III). 

Although  the  fre([uent  flooding  in  the  c<Mitral  basin  works  consider- 
>h»  hardship  and  ev(»n  loss  to  th(»  farming  class  then^  lo<*ated,  it  is 
»vertheless,  a  feature  which  has  a  iMMieficial  effect  ui)on  the  lower 
ftion  of  tho  valley  l)eyond  Patei*son,  as  it  provides  natural  storage 
r  a<M*um libit ed  watch's  and  prev(*nts  widespread  floods  in  the  lliicrkly 
habited  manufacturing  and  siibur1)an  distri<'ts  in  the  Iowcm*  valley. 

THE  LOWER  VALLEY. 

After  l<»aving  the  short  series  of  rapids,  falls,  and  <iuiet  stretches 
om  Little  Falls  U)  PatAsrson,  the  river  ent^M-s  the  lower  valley  through 
fiicli  it  flows  to  its  mouth  at  Newark  Bay.  The  drainage  area  of  this 
ction  to  Little  Falls  is  178  sc^uare  miles,  the  main  stream  l>e]ng  29.1 
ilea  long.  Nine  and  one-quarter  miles  below  Paterson  it  ri'sceives 
s  only  important  tributaiy  in  the  lower  valley,  viz,  Saddle  River, 
^ich  has  a  drainage  area  of  0O.7  square  miles.  Just  alH>ve  the 
outh  of  this  stream,  at  Dundee,  the  wat^^rs  of  the  river  are  held  by  a 
im  450  feet  long,  whose  crest  is  27  feet  above  mean  tide.  For  4 
ilea  below  this  dam  the  river  has  a  tot^l  drop  of  (\  feet  to  l^assaic, 
om  which  point  13|  miles  to  Newark  Bay  it  is  a  narrow  tidal 
luary. 

The  right  Iwmk  of  the  river  at  Passaic  is  a  low  bench  and  it  is 
K)ded  in  times  of  very  high  water.  A  large  jiortion  of  the  inaiiu- 
cturing  section  of  th(M*ity  of  Passaic  is  located  here,  and  most  of  the 
juiy  sustained  by  the  11)02  flood  was  caused  by  tlu^  destruction  of 
erchandise  on  the  lower  flooi*s  of  the  fact  oriels  and  warc^houses.  On 
e  left  bank  of  the  stream,  opposite  the  city  of  Passaic,  is  another 
Bv-lying  area,  forming  a  basin  which  was  evidently  o(*cupi(»d  by  the 
ream  in  earlier  stages.  The  general  level  of  this  ari^a  lies  but  a  fiiw 
Bt  above  tide  water,  and  is  likewise  subject  to  overflow.  It  is  the 
ie  of  the  borough  of  Wallington,  a  residenc*^  district.  About  mid- 
ly  in  its  ext^mt  from  north  to  south  this  flat  Is  crossed  by  the  main 
le  of  the  Krie  Railroad  on  an  embankment  of  gravel  and  other  niate- 
il.  The  embankment  ends  at  th(»  left  bank  of  the  river. 
One  of  the  important  features  of  the  lower  valley  is  its  great  popu- 
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latloti*  wliinli  Uhh  lMM?ti  eomMmtmUMl  Lhcro  by  re^ifHiti  nf  the  luHunL 
rHdvaul^igt'H  nf  its  wAter  front  on  th**  lower  Fa«inaic,  tJit*  powv^  il 
l*alersiiii  untl  PrtsHiiir,  and  the  proximity  to  New  York  City,  h 
the  diMtrict,  which  luiw  an  nri'»  uf  alN)nt  f)0  square  iniles,  there  hup 
aver  forty  eitii^i^i  townst  iititl  bon>uglkH«  represetitiag  a  eombined  popn- 
llAtion  of  about  4, 2(K>  por  mj nure  mil e.  M n nicipal  i inpnj vemen ts  wliich 
Aooompatiy  th(^  growth  of  ]>i»piiUtion  iiiftiien<x*  the  drainage  **(  the 
^area  t<>  8ome  exteiitj  by  reason  of  the  constnietion  of  largi^  ar«as€l 
p»Vf'd  HMd    macadamized   roadB  which  eoiidtitute  '^qiiiek  t%pilli]tg'* 


-  - — ^m//ff~^ T 


^iWitflf 1 


/^m//vs 


Z*/^mif^3- 


Fio.  1.— C'rosH  soctioiiH  of  Passaic  Valley  from  Clifton  to  Newark.  1.  At  ClifUm.  1  At 
Dolawaiinji,  ')i  miles  Inflow  Clifton.  3.  At  North  Newark,  10}  milci*  below  Clifton.  4.  At  New 
wark.  Hi  miles  l)elow  Clifton. 

A  strikinj^  feat im*  of  the  lower  course  of  the  river,  which  esi>ecially 
alTocts  it  ill  times  of  flood,  is  found  in  its  physiographic  i*elations. 
From  Paierson  to  l*assaic  the  stream  flows  in  a  wide  open  ''old  val- 
ley;" but  from  Passaic  to  it^s  mouth,  contrary  to  usual  conditions, 
its  valley  assumes  more  and  more  the  aspect  of  younger  toi)ography, 
until  when  near  its  mouth,  just  above  Newark,  it  follows  a  narrow 
canyon-shaped  opening  wliose  sides,  especially  on  the  eastern  bank, 
are  precripitous.  Attention  in  this  connection  is  called  to  tlie  several 
profiles  in  fig.  1,  made  at  different  points  from  Clifton  and  Newark, 
and  to  the  accompanying  t^able  of  widtbs  at  the  K)0-foot  contour  from 
wliich  the  cramping  of  the  valley  is  readily  appreciated. 

I*hysiograp]iic  phenouieua  iu  the  neighborbood  of  Passaic  and 
Kutherford,  togetbev  w\U\  V\\e>  ^\>t\V:\\\^  ^ass-^^v  q?i  \Xv^\vs^^\  valley, 
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seem  to  indicaie  that  in  pre-GlHcial  times  iha  »troam  dlHcliarged  its 
•wat^irs  through  the  gap  in  the  low  sandstone  ri<lge  at^Rutliorford  now 
occupied  by  the  Erie  Railroad,  and  tluit  tlie  lower  valh^y,  from  New- 
ark to  Passaic,  drained  northward  through  a  suudl  tributary  which 
joined  the  main  stream  at  Rutherford,  but  owing  to  the  obstruction 
of  the  river  by  extensive  glacial  filling  across  it«  IhhI  in  the  noU*h  at 
Butherfoni,  it  was  forced  to  seek  a  new  outlet  through  the  valley  of 
a  tributary  meeting  it  from  the  south. 

Whether  this  l)e  the  explanation  of  tlie  narrowness  of  the  lower 
valley  or  not,  tlie  restricted  limits  of  this  se(*tion  have  an  inijMU'tant 
bearing  upon  the  action  of  the  sti-eam  in  times  of  fl(M>d,  producing  a 
congestion  of  the  waters  in  excessive  freshets  which  has  lH»cn  of  gn»at 
pei?uniary  damage  to  the  city  of  Passaic  and  tlu^  surrounding  districts. 
The.  building  of  docks  at  Newark  and  the  erection  of  solid  masonry 
piers  for  bridges,  together  with  a  number  of  (»levated  caus(»wHys  for 
turnpikes  crossing  the  stream  and  flat  lands  adjacent,  hav<»  still  fur- 
ther narrowed  the  alremly  too  limit<»d  outlet  below  Passaic. 

Like  th(?  central  basin,  tln^  floor  of  th(^  1ow(M'  vallc}'  is  composed  of 
soft  Triassic  sandstones,  more  or  less  overlain  by  glacial  drift. 

TUIBUTARIKS  OV  PASSAIC  KIVKU. 
SADDLE  RIVER. 

In  ascending  the  Passaic  from  its  mouth.  Saddle  River  is  the  first 
Hud  only  tributary  of  size  in  the  l3wer  valley.  This  stream  rises  in 
New  York,  3  miles  north  of  the  State  line,  flows  almost  due  south  for 
17  miles,  and  reaches  the  Passaic  at  (Tarfleld.  Its  course  is  wholly  in 
the  red-sandstone  area,  which  is  thickly  covered  with  glacial  drift. 
It  has  an  average  fall  of  34.1  feet  per  mile.  Its  catchment  area 
amounts  to  60.7  square  miles.  Tlie  <*ountry  which  it  drains  is  a  fer- 
tile farming  land,  with  a  population  of  122  to  the  squan^  mile,  and  2S 
per  cent  of  its  area  is  still  forest.  Floods  on  this  stream  rise  rapidly, 
remain  high  but  a  few  hours,  an<l  decline  as  quickly  as  they  arise; 
the  most  severe  floods  octuipy  from  one  to  two  days. 

RAMAPO  RIVER. 

The  liamapo  rises  in  Orange  County,  N.  V.,  ui)oii  the  crystalline 
highlands  and  Paleozoic  areas;  it  cut.s  th(»  trend  of  the  <Mystalline 
ridges  in  a  deep  gorge,  falling  280  feet  in  H)  mil(\s,  from  Turners  to 
Suflfern,  above  which  point  it  drains  112.4  scjuare  miles.  Entering 
New  Jersey  at  SulTern,  it  reaches  the  sandstone  area  and  flows  12  miles 
to  Pompton  along  the  c(mtact  of  the  sandstone  and  tlu»  <'rystalline 
rocks,  with  a  fall  of  5.7  feet  to  the  mile.  Its  tributaries  in  this  stage 
an?  few,  and  are  mostly  from  the  i)r(»cipitous  slopes  of  the  highlands  on 
its  right  bank,  so  that  the  rivc^r  as  a  whole  may  be  regarded  as  a  high- 
land stream.  At  Pompton,  10  miles  below  Suffern,  the  riviM'  passes 
over  a  imtural  fall,  increased  by  a  dam  to  23  f<H»t  in  height  (PI.  VI,  A)\ 
above  this  dnm  there  is  a  pond  202  acres  in  iix\j^ii\i. 
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Afttir  pii8»iiig  tht^  iltfctn  at  Poiiiptoo  the  Ritmiipa  ofiU*m  \\wm 
brt.*^iii  and  joins  thti  Ptiijiianac  anil  Waniiqiit*  %n  fomi  U115  l^fjuipun 
H  i  V  i.1  r .     '  rh  r*  8 1  rram  i «  w  tO  1  ail  apt  o«  I  to  t  h  i.^  d  c  v<!  I  op  ini?  ri  t  of  powur,  an 
fi^venil  hiuiilr^Kl  hor^GpiAvor  ttpini    it  are  nlroady  improvp  1;  75 
emni  of  Lli<>  ar«a  is  in  fore^it,  and  t\m  |x>pulatioti  ta  58  to  thfi  BqimTt  ] 
mile. 

WANAQUE   RIVER. 

Joinitig  tho  wiikirwjMMl  nt  Uio  HiiniatH>  i>ii  llio  »iuulli  amivti^lii's 

llie  (Iraitiago  lia^^iti  of  (ho  WHrnwpH*;  llif^  topf»grHphy  of  it6  wTiter*li<^l 

iH  almo8ti  identic^it  with  llinl  of  i\w  forinf»r  j^Mxwim,  and  ifa  walcm^n 

pithf^roti  f^ntirely  from  tfio  flijs^hlanti  aroa;  Hh  suuwb  is  Graeowo^! 

Lftko,  a  lake*  of  glacial  origin,  which  iies  JM^tweon  hoavUf  fpowlfi 

niunntuiiiH  ami  wa**  fornied  by  tho  m^utnitlation  of  drift  Acrtma 

n a r ro w  v all **y .     1 1 1  **  0  mi  1 0 » lo n fj  w 1 1 h  a  u n i f o r m  h roa<  1 1 It  o f  f\  1  i^-f* !;fl t li* 

of  a  mile.     It  han  a  ^uifa<*t>  aiva  of  1/J2U  Hi:i\^H  aiiil  att  iilLiliiUiifj^  iji< 

feet  alHivi*  »ea  lovol.     At  Uh  oiitk4  ia  a  fttono  daiu  IHl  fin^t  lottgaD^lH 

foet  litglK     From  4Trr<^iiwon(l  Lakt*  Ih**  rivor  lia.n  a  k'ligth  of  tJ^  mil(« 

Willi  a  goijoral  HoullKMiy  <'uun*is  mostly  thnmgh   loiigiUiUinui  ^*fll%» 

uf  thti  cry>>}tallini!  llighlandst  tirilil  it  iunijrrgim  at    PampUiQ  and  enteric 

Ih  o  Vv  11 1  ral  Usm  i  n ,  w  ho  rv  i  t  j  oi  ns  1 1 U3  I  ^eq  nan  ac  a  n  d  I  in  nia  po  to  f  onu 

th«  PomptfMK     From  (<r(*onwood  l^aku  to  its  jurietiou  witli  tli*>  l\<iijii' 

uac  it  falls  151  f(^t,  or  about  3G  fwt  to  the  mile;  80  jier  i?c?tit«f  the 

area  of  its  waiRrwhed  \h  in  forest,  and  itw  pi>pnlatioii  fs  but  'ii*  U)  tbu 

wquiiro  iiiikv 

PEQUANAC  RIVER, 

Tlie  watfi.shc'*]  of  tiro  roqOiUiiu:  aLso  lies  ^fiittix'ly  in  tlm  iIlj;iiu*iiJ> 
and  adjoins  tliat  of  the  Wanaquo  on  the  south;  in  tlie  topography  of 
its  watershed  and  in  its  general  characteristics  it  closely  resembles  the 
area  drained  by  tlie  \\^aiiaqne  and  Kamapo.  The  Pequanao  has  a 
length  of  ol  niil(\s  and  rises  on  the  western  portion  of  the  Ilighlaml  belt, 
which  it  crosses  to  the  east  in  a  narrow  gorge;  it  has  an  average  drop 
of  35.1  feet  to  the  mile,  falling  al>out  1,100  feet  from  source  to  mouth. 
From  a  point  2  miles  above  its  month  to  Newfoundland,  a  distance  of 
12;j  miles,  the  fall  is  45  feet  to  tlie  mile. 

Tlie  ]*eqnanac  lliver  has  been  extensively  utilized  as  a  source  of 
pnldic  watcM-  sui)pl3^;  it  has  natural  storage  in  several  ponds  of  mcxl- 
erate  size  upon  its  drainage  area,  and  in  the  following  three  large 
reservoirs  built  by  the  East  Jersey  Water  Companies;  Oak  Ridge 
reservoir,  10  mil(\s  from  its  mouth,  with  an  area  of  383  acres;  Clinton 
reservoir,  i:]  miles  from  its  mouth,  with  an  area  of  423  acres,  and  Can- 
istear  reservoir,  about  2.']  miles  above  its  mouth,  with  an  area  of  35(i 
acres.  The  water  collected  in  these  reservoirs  is  conducted  in  the 
oi)en  stream  to  the  Makopin  intake,  a  small  reservoir  0.5  miles  above 
the  mouth,  having  an  area  of  12  acres;  from  this  point  it  is  eonducte<l 
t;0  the  city  of  Newark  in  a  steel  conduit.  Seventy-five  per  cent  of  the 
area  of  its  watershed  \h  \u  ^ovq^I, 
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A.     DAM   AT   LITTLE   FALLS. 


B.     PASSAIC  FALLS  AT  PATERSON. 


»i:.LIKTKR  AND 
UEIOHTON, 
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ROCKAWAY  RIVER. 

A  Uiinl  tributary  on  tho  Ilighlnud  area,  wlioHe  drainage  area  lies 
iinost  wholly  in  the  Highlands,  is  the'Rockaway;  its  area  adjoins 
lat  of  the  Pequanac  on  the  south;  it  is  40  miles  long  from  source  to 
louth  and  has  a  fall  of  780  feet  or  19.5  feet  per  mile.  It  has  exten- 
ve  storage  facilities  in  natural  ponds,  among  them  Splitrock  Pond, 
^ixons  Pond,  Denmark  Pond,  Green  Pond,  and  Opennaki  Lake. 

Power  is  developed  at  Hoonton  on  the  edge  of  the  Highlands  Ojiiiles 
bove  its  mouth,  and  is  second  only  to  those  at  Paterson  an<l  Little 
alls.  Like  the  Pecpianac  its  course  is  across  the  Highland  ridges, 
lit  its  fall  is  less  uniform  than  that  of  the  last-named  stream.  Above 
oonton  the  stream  drains  118  square  miles,  tlio  population  of  which 
I  113  to  the  square  mile;  82  per  cent  of  the  area  is  in  forest.  As  the 
:.ream  leaves  the  Highlands  at  Boonton  it  luis  a  rapid  fall  to  Old 
oonton,  240  feet  in  1.5  miles;  at  Old  Boonton  it  entei-s  the  central 
asin,  and  for  2  miles  has  a  fall  of  32  feet  per  mile;  0  miles  1k>1<)W  it 
)ins  the  Passaic,  with  a  fall  of  2.3  feet  per  mile.  The  area  of  the 
tttire  watershed  is  138.4  miles. 

WHIPPANY  RIVER. 

This  is  a  small  stream  which  heads  in  the  Highlands,  with  most  of 
»  course  in  the  morainic  hills  north  of  Morristown.  It  is  about  17 
dies  long,  and  from  its  highest  source  has  a  fall  of  640  feet;  it  has  a 
raiiiage  area  of  71.1  square  miles,  with  a  population  of  124  to  the 
|uare  mile;  30  per  cent  of  its  area  is  in  fort^st;  25.4  square  miles  of 
«  area  lie  in  the  Highland  area  and  45.7  square  miles  in  the  central 
asin.     The  Whippany  is  known  as  a  quick-spilling  stream. 

'  UPPER  PASSAIC  RIVER. 

The  L^'pper  Passaic  hc^ads  in  the  Highland  area  and  descends  into 
le  upper  portion  of  the  central  basin  as  a  very  small  stream;  in  this 
art  of  the  basin  flat  lands  are  found  subject  to  overflow,  covering  an 
rea  of  nearly  10,400  acres;  they  are  confined  on  th<*  north  by  the 
jrniinal  moraine,  on  the  west  by  the  Highlands,  and  on  the  south  and 
ast  by  Long  Hill  or  Third  Watclumg  Mountain,  the  western  member 
f  the  concentric  series  of  trap  ridires.  The  Passaic  drains  this  basin 
1  a  narrow  gorge  cutting  the  Third  Mountain  at  Millington,  from 
rhich  point  it  descends  to  ( -hatham,  a  distance  of  17  miles,  where  it 
i-osses  the  terminal  moraine  ifhd  enters  the  central  basin  proper. 

Under  pi-eseiit  conditions  the  (iharactc^'istic  functions  of  the  three 
lain  divisions  above  described  may  be  state<l  as  follows:  Th(^  lligh- 
ind  area  is  the  chief  gathering  ground;  the  (*cntral  basin,  the  reser- 
oir  area;  the  lower  valley,  the  discharge  artery.  These  functions 
,re  greatly  intensified  in  times  of  flood. 
IRR  88—03 2 


18  THK    PASSAIC    FLOCtD   OF   1902,  lm.m 

r)  SUMMARY, 

for  the  lie  iter  uiulcrKtandiuj^of  Hit'  more  loiportaiit  relation»fif  the 

Pas4<iiie  Hyftiem  the  profile  of  th^  rivof 
Hud  il«  inbutiirieB  in  inserted  *  Att^^u* 
tion  m  particularly  ^'alled  to  the  impor- 
tant features  whieh  coutrol  fltjotj  con* 
dttionj^  H»  they  art?  illustrated  in  t\m 
d  i  a^  ram .  The  fi  rst  o  f  t  h  ese  1 » th  e  rapid 
gra4ient  of  the  trilmlaries  which  t^niet 
the  central  ban  in  fnmi  the  Hi|^li!aii<J 
anm.  The  diagraui,  enpCK^ially  tu  tht* 
eaaen  of  the  Pequiuiai'r  and  tWkaway 
riven^,  adMiinil>ly  8how£$  the  rapid  fftll 
frtMii  the  nionutaius  U*  the  flat  rnlky 
in  tlie  I  ant  few  nules  of  their  couuft* 
The  8aine  h*  true  to  a  lenser  extent  ot 
the  Wanaqne,  Whip  pa  uy,  and  Kaiiiapo 
riverft.  The  effe«*t  of  tlioi^e  coTUiMim' 
tively  sleep  f^rade*^  i*^  einpha^iEed  in 
times  ^►f  Hood  by  the  still  «t€-^»j*ervallt7 
mien  and  the  high  ]>iteh  of  the  sTuall 
Int^ral  runs  and  by  th*?  abnadjwin?of 
the  exposed  rock  surfaija  of  the  region. 
When  to  these  eoiiditinni^  are  jwhleil  a 
eoveri  ng  of  snow  o  r  iee  an d  a  (ny7A.*n  jmjjI, 
aw  wi^  the  i*ase  at  the  time  i»f  tlie  flaid 
under  diseuasion,  the  wliole  re^neri  Im.'* 
eouieisexeeiHliii^dy  ''quii-k  >pilliiiir'Mii 
spite  uf  its  Irir^e  pen'«>titJ4^'^i'  nf  ftinMs, 
and  puiirs  iLs  waters  iuti»ilnMHMitrai 
husiu  with  ^'reat  rapid ily. 

Thi*  si-eoui]  important  enndition  in- 
d  ii^at  ed  by  the  profile  in  i\w  exeeedi  ri|:ly 
tlid  luitnre  of  the  rt*nt  nil  liiisiii.  P^nim 
Twcj  Uridt:es,th(Mmuithtii  tljelVmipT^m 
River  Jo  Lower  (liattiam  Iirid^^\  :liJy 
miles  above  by  stream,  the  total  fallb 
only7lVM*t,a»tl  from  Little  Falls  to Sluii- 
ley,  Hie  limits  of  the  fiat  ]»art  nfiln^  cen- 
tral basin,  n  distatiee  of  :?7  miti*s,  tin! 
total  nillis^mly  H*fet*t.  In  tlnsixirtion 
of  the  walerslu*d  oeeurtlit^^freat  swjMiip 
arens  whit^li  (JverHow  and  remain  suth 
im^ri^^ed  under  floml  disi*liHr;,^'s, 

^rh*"  third  iiui>»iiiaut  featun.*  tsfmiti'l 
\\v\\\v^  tavA  V\vv\^  vUe  tvibutariea  which 


AND 
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funiiMh  the  lar|^est  porcentAgo  of  water  U)  Him  main  Htroaiii  enter  it  in 
the  eentral-basin  area  and  above  the  gorjje  at  T^ittle  F'alls,  wliich,  }i8 
lias  been  described,  is  but  a  narrow  outlet. 

The  fourth  interesting  and  suggestive  featun^  is  tliat  from  tlie  out- 
let of  the  central  basin  the  main  trunk  of  the  river  rea<^h(ss  sc^a  level 
l)j  three  quick  descents  at  Little  Falls,  Patei'son,  and  I)unde<»,  h4»iw(»en 
which  lie  stretches  having  vi^ry  little  fall.  Tlie  (»fTeet  of  Iheso  level 
reaches  in  each  case  is  to  retiird  and  m*<*umula1e  whIim's  whieh  are 
poured  into  them,  thus  helping  U)  product  local  overflows  whieh  dur- 
ing floods  are  often  disastn)us. 

Ah  a  summary  of  the  imporUmt  featun»s  of  th<»  <lraina;r<'  area  tlu* 
following  t<able  is  iulded,  which  shows  the  total  <lralnaji:4»  area  of  tin* 
whole  system  in  square  miles  as  well  oh  thai  of  the  individual  tribu- 
taries; also  their  lengths,  proportion  of  foiH'sled  an^as,  fall  in  U^ai, 
and  other  features. 

TalUv  nhoirhig  ihtiimun'  aretiM,  fttrntt  (tn'tis^fuU  in  frrf,  uml  tjnith'rnf  nf  (hr  Pa.s- 
8iiic  itml  Hh  trihiiturit'H. 


^^^flsair  jiroper 

^dle  River 

t^ompton  River 

ftamapo  River 

^anaqne  River  . . . 
i^equanat;  River... 
iocka way  River . . . 
Vhipijany  River . . 


Draiii- 


Rqyarv 
miles. 

390.0 
60.7 
24.8 

100.7 
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i:J8.4 
it.l 


rivor. 
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«4.0 
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:n.() 
•to.  0 

20. 0 
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nA^U'}  .wKuan*  inih>H  almvr  (Miat)iain. 
FLOW  <>V  PASSAIC  KIVKK. 


Various  shoil-tenu  niejisurements  of  tlic  flow  of  th<»  Passaic  River 
lave  iKini  made  b}*  enginecM-s,  and  the  records  ap|M'ar  scatt<'red  t  hrou«rh 
•eports  which  have  not  received  wide  distribution.  Much  inforina- 
iou  reganling  the  stream  was  collected  and  conipih'd  by]\lr.  C  V.  Vov- 
neule,  and  included  in  his  admirable  report  to  tlic^  «;(»ological  survey 
)f  the  State  of  New  Jei'sey."  In  this  report  is  a  series  of  flow  curves 
jovering  the  yeai-s  1S77  to  lsi»;}.''  The  values  ivpresented  by  these 
5urve,s  were  computed  from  gage-height  records,  maintained  during 
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THE   PASSAIC   FI.OOD   Or 


Htbf3  imricKl  nit^titlotiod  aliove,  along  the  river  betwf^eu  Little  Fsblb  aehII 
iDmidue  dftrn*  A  tiibiitatloti  of  them  valuer  aiJj>earw  in  Waler-Supp)f| 
iRnd  Irrigation  Pai>er  No.  72,  and  forconvenieiieo  m  niprodueed  t>elow: 

DailU  flfvf*  of  Pamttii*  Rtt^rr  ai  Ihifermm  and  Duridte. 
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Discharge  measurementa  of  PasBaic  River  at  Two  Bridgen^  N,  J. 
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Estimated  mnnthly  discJuirye  of  Passtiic  Rivei'  at  Tica  Rrvlges,  N.  J 
[DrainaKo  area,  :M)  Hqiian«  iniUv4.J 
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rg<?  Iieight,  in  feet,  of  Ptumie  Ritfer  at  T%Vi>  Bridgen,  N,  J,,  for  tiMtt, 
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loijjCTKR  AXDJ  pj^Q^    Qp   PASSAIC   RIVER.  27 

MiscellayietniH  rnvnaunnnentH  in  PnnHaic  wittcrnhiMl. 


Date.  Btruam.  Ij<M*aIity.  DiHchurf^). 


1902.                                                                                   !  S,"..feet. 

^J'Tine  26  Ramapo  River ,  Mahwah,N.J V2\\ 

Oet.     29  do .: do fi78 

Sept.  24  Rockaway  River '  Old  Binrnton,  N.  J '  :W 

Aug.  2:^  do do    146 

Sept.   11' do ..-'.        do l«4 

Sept.   2:3  do do 102 

Oct.     30  do ..     ...     .do 4HS 

Oct.     30  Pompton  River Pouiptoii  PlaiiiH,  N.J.  1 , 0(M) 

Sept.  26  PassaicRiver Stanley.N.J 195 

Oct.     30  ...     do    ,.. do    431 

Sept.  26  do MillinKton.  N.  J »2 

Aug.  2H  Wliippany  River Whii)i)aiiy,  N.  J. 35.3 

Sept.  23  Pe(iTianac  River Pompton,  N.J.      JH) 

Aug.  22  Wanaqiie  River do 97 


During  the  past  year  tlui  Division  of  Hydrography  has  made  eur- 
>^nt-meter  measurements  on  both  the  Pompton  and  Passaic  rivers 
^ear  their  junction  at  Two  Bridges,  and  for  low-water  stages  of  tlie 
^ivere  these  measurements  show  with  fair  accuracy  the  volume  of 
l>oth  streams. 

During  the  progress  of  floods,  however,  measu^^ment8  taken  at  these 
Stations  can  not  be  relied  upon  to  furnish  complete  data  of  the  <lis- 
c^harge,  for  the  reason  that  the  Pompton,  a  comparatively  swift -flowing 
Stream,  enters  the  Paswiic,  a  sluggish  stream,  at  nearly  right  angles, 
clotting  across  its  current  and  acting  as  a  ti<^nii>orary  dam  in  backing 
lip  its  waters  to  agreatiM*  or  less  ext^Mit.  In  this  way  the  gage-height 
>-ea<lings  on  the  Passaic,  which  are  taken  just  above  the  junction,  do 
^ot  in  flo<Ml  time  bear  their  triK^  value  to  the  <liseliarge  of  the  stream. 
Another  feature  which  <letra(»ts  from  the  ac^curacy  of  flood  meas- 
urements at  Two  bridges  is  tlie  fa<*t  that  botii  rivers  overflow  tlieir 
l>aiikM  and  spread  over  a  wi<le  section  of  flat,  huids  during  higli  fn^sh- 
ets;  HO  that  while  the  gagc^  readings  have  a  certain  interest  and  value, 
they  do  not  accurately  record  tho  tru<»  InMght  of  the  \vat<'r  which 
should  pass  between  the  banks.  Therefore  in  this  <liscussion  neither 
the  discharge  measunMuents  nor  the  gag<»-height.  re<'or<ls  have  been 
considered. 

Attention  is  particularly  called  to  tlu^  fluviographs  of  th(»  Passaic 
and  Pompton  rivers  (figs.  3  an<l  A)  made  from  daily  gage  heiglits  an<l 
frfsquent  current-meter  <lischarg(»  measurements  at  Two  I>ri<lg<\s,  at 
the  junction  of  these  strt»anis.  'Hiey  clearly  n^veal  several  important 
features  in  the  flow  of  the  rivei-s  al>ove  mentioned.     In  the  considera- 
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^yti  of  tlu^m  it  jshoukl  h^  !>orin^  ill  miud  tli»t.  the  ilrainHgi^  areiS 
loili  tho  Paasaie  and  P^Hnptan  riven*  above  thw  ptjlni  of  me^bsurf^meiit' 
urc  nearly  tniual  in  extt^nt,  and,  furthermore,  that  they  are  adjui^Piit 
Thore  iH,  how** v«i%  thi^s  iiuporlunt  tlifTerence  between  theai  willj  t%^ 
|d  topography  and  physiciil  eonditiotts,  namely,  that  the  catcJimiil 
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Fkj.  3.— Dischiirge  of  Passtiic  Riv«r  at  Two  Bridges. 

basin  of  the  Ponipton  lies  almost  entirely  in  a  niountainons  am 
lieavily  forested  area  of  the  Ili^dilands,  while  that  of  tlie  Pjissaie  liej 
mainly  in  the  comparatively  flat  cultivated  area  of  the  central  biisin. 
The  fluviographs  show  in  a  striking  way  the  great  irregularity  ii 
*^»'^  flow  of  the  streaiwH.     'V\\v-  vvvvwV.  wwvV  n*\vAv^\\1>  yvsi^s  occur  in  al 
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(ths  of  the  year,  }>fiii^  iiaturHlly  iiioro  pi-oIoiik^mI  in  f  lie  Mpriii^  t  lian 
he  Hninmer  seaHon,  and  tlie  nonnal  and  e()ni];)arat'ively  Hniall  flow 
heHtream  is  during  iiiten'alH  l>«twoen  th«?w^  ris<»s. 
lie  rises  occur  on  both  streanm  simultaneouHly,  as  is  to  l>o  ('xp<M*ted 
I  the  prr>xiniity  of  the  draina^^e  an^as,  wliich  naturally  would 


Fi«.  4.— Dischargo  of  Pompton  Kiver  at  Two  bridj^t's. 

ve  about  tlie  same  amount  of  precipitation  durinjr  any  ^iven 
td.  The  rises  on  th«»  I\niipton  River  are  in  each  ease  greater  than 
)  on  the  Passaic.  This  at  first  is  dilJieult  to  undei*sta,nd,  in  view 
e  fact  that  the  drainage  area  of  the  Pompton  is  heavily  forested, 
)  a  large  portion  of  the  Passaic  Basin,  exclusive  of  the  Rockaway, 
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«buwe  wiit^fM  ill  tliin  iiiHtiineo  are  inelii(1<Ml,  eotit<Mirie!<;  n  conipiinitirHT 
UbU  pr*>iK>rtioti  of  foit^stw.  In  other  woril?*^  thy  pninptiiii  ll^  com- 
glared  with  tlto  PiiHWii**  wivtershtsil  is  quick  »pilliii|?.  A  mommt's 
iiif4I>ertioii  of  Dtht*r  (nmditious  ttc*n*es  to  explani  tho  anomaly  *if  tb 
How;  for  not  nnly  iirt^  llu'  jji^aitoH  an  tlii^  P<*!iipt<ni  wiUan^hM  mm*h 
»t4«*t»**''  i\i^n  tiiost*  oil  the  !*nwKiih',  the*  K<K»kiiwny  River  oxci^piiMlJn]; 
thtH  |mrl  of  thi>  Paafi^iic  Batfiu  cotitHius  iilso  thi*  hir^^  nrt^iitf  uf  H&t  ^ml 
MWHitij)  huid«  previoimly  referir*!  {4.1^  which  not  unly  rBt«nl  tii«  flini^f 
thu  Htnrrtmw,  Imt^  iTi  t1x<i  eH*i<^  of  the  Kwatup  iirr.*ai!t^  ftct  Hfi  «  gi«a^ EAtunl 
rwsM^rvtrir  for  iht*  vvat^M^  iifc  all  timi^,  nlJKorhing  fclia  high  irat«ri  wkich 
readily  IIuckI  thiUr  Barf  ace,  and  eontributlBg  a  cnituitaiit  mtpply  Tiaek 
to  the  inniii  »1  n*arii  in  iiiiies  of  low-watflf  flow,  Oiritl|f  10  thb  r^- 
latino  etTeiH  of  the  wet  latn^^  iti  the  t-oiitral  baKin,  It  Is  oaiiy  loaevrinut 
for  the  lower  rineii  uf  the  PiwiSiUe,  aw  well  aw  for  the  gr&i*t«r  vohinn  ii 
1%H  low- water  flow,  115  eo  in  pared  with  Ihwt  of  the  Pcimptoiij  no  clfurlv 
brought  out  by  the  fhivioj^raphs. 

nu*He  ehai'aet^^rist ic*s  of  How  are,  of  course,  j^^*atly  emplumi^  a4 
ti  UH*^  o  f  ex  t  ratird  i  lui ri ly  h  i  i;li  wh te r,  ai*  d  11  r  1  ng  th e  fl nod  u  tide r  iliseni- 
!iiou>  Til  HiU'h  timen,  of  eoumt*,  the  aetion  of  the  watern  Ih***i>uu^  imfv 
coinpiirHtink  owIng  to  th**  fa4*t  that  the  Pomptj<»i  d  media rgt*-^  il^  ft««l 
Cretst  ^o  rapidly  that  tl'  ai*fi*  a.^  a  t-i^uipomry  elieek  U*  the  Paet^^ic,  fh*» 
waters  of  the  fortiior  eutting  acroi^?*  f  lie  eUHUiiel  of  the  latter  at  1Vf» 
Bridget  and  inen:»a)!*in^  the  flwMlhi|£  effeet  of  tlie  PaHswil cover  the  low- 
la  tuIh  alHJve, 

FIXIOD  OF  ltl02- 

Iligli  water  is  not  unconnnon  in  the  Passaic  Valley.  It  oeeurs,  a> 
will  be  seen  by  reference  to  previous  discharge  tables  and  diagrams, 
several  times  a  year,  but  though  it  conies  with  reasonable  fi-equeiuy 
it  is  not  often  violent.  The  large  area  of  sw^amp  and  wet  lands  in 
the  central  basin  is  regularly  flooded  each  spring,  as  ai-e  often  farm 
lands  adjoining  t  hest^  1  racts.  Lower  down  the  valley  waters  may  oft<Mi 
rise  to  low  bench  lands  and  give  some  inconvenience  in  towns  and  vil- 
lages. As  far  as  the  sewage  pollution  of  the  lower  valley  is  con- 
cerned, these  high  waters  are  of  a  decided  advantage,  serving  to  flush 
that  portion  of  the  river  and  temporarily  cleansing  it  from  execvssof 
sewage. 

When,  however,  the*  precipitation  on  the  drainage  area  beconie> 
great,  or  when  a  variety  of  circumstances  combine  to  deliver  a  large 
amount  of  water — as,  for  example,  an  accummulation  of  snow  is  raj)- 
idly  inelte<l  on  frozen  ground  by  a  warm  and  heavy  rain — the  AcxkI 
conditions  resulting  in  the  lower  parts  of  the  valley  are  quite  differ- 
ent in  character.  The  central  Ijasin  is  widely  flooded  by  a  quick  dis- 
cliargo  of  the  highland  tributaries,  resulting  in  hardship  and  loss  t«> 
the  farming  population  of  this  area.  The  narrow  gorge  at  Little 
Falls,  whose  capacity  is  made  still  less  by  the  constricted  opening  of 
*be  old  masonry  span  \v\ue\\  s\\\>\>o\\^\\\^^\w\\^Q>^\i^l\w\ueduct  (s<*e 
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B.     DAM   AT   DUNDEE. 
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VI,  B)y  is  unable  to  discharge  its  waters  fast  enough  to  keep  them 
m  flooding  the  lands  above,  while  in  the  lower  valley  the  waters 
'ade  both  the  cities  of  Paterson  and  I^assaic,  doing  great  damage  to 
)  manufacturing  and  residential  properties  and  threatening  the 
laller  settlements  located  on  the  lower  portion  of  the  river, 
^'loods  of  this  nature  have  periodically  occurred  in  this  region  and 
re  resulted  in  widespread  suffering  and  damage.  Such  a  flood  took 
ise  from  February  25  to  March  9, 1902,  reaching  its  height  at  noon  on 
iday,  March  2.  It  was  the  highest  flood  within  the  niemoiy  of  the 
est  inhabitant  of  the  region,  and  owing  to  the  fact  that  population 
I  manufacturing  interests  have  greatly  increased  in  portions  of  the 
ley  during  recent  years,  it  was  probably  th(^  most  destructive.  Tlie 
its  of  the  flood  will  be  taken  as  the  time  during  which  the  water 
el  was  above  full  bank.  In  the  previously  mentioned  rei>ort  of  the 
w  Jersey  geological  survey  on  the  water  resources  of  the  State,  the 
1  bank  flow  at  Dundee  dam  has  Iwen  determined  at  4,()0()  cubic 
t  per  second;  our  measurements  and  observations  lead  us  to  l>elieve 
\,t  5,()00  cu])ic  feet  is  more  nearly  cori-eet.  In  any  case  the  differ- 
ee  is  not  suflBcient  to  effect  any  sign Ifleantdison^paney  in  deterniin- 
l  the  duration  of  the  flood. 

rhe  discharge  measurements  hereinafter  set  forth  were  made  with 
nnall  Price  current  meter,  according  to  the  methods  practiced  by 
e  Division  of  Hydrography,  except  in  the  cases  of  Little  Falls  and 
jnde^  dams.  At  the  latter  xx)lnts  gages  were  read  at  short  intervals 
id  the  amount  of  water  was  determined  by  Bazin's  series  modified 
conform  with  the  local  conditions  and  requirements. 

PRECIPITATION  IN  THE  PASSAIC  VALLEY. 

The  records  of  numerous  weather  observation  stations  in  the  Pass«iic 
ainage  area  and  those  of  other  stations  in  the  country  immediately 
rrounding  afford  a  trustworthy  basis  of  measurement  of  precipita- 
m  over  the  basin.  The  following  table  is  a  statement  of  the  normal 
lount  of  precipitation  at  the  various  stations  during  the  month  of 
ibruary,  1902.  It  should  l)e  borno  in  mind  that  the  month  of  Feb- 
ory  is  usually  marked  by  considerable  preoipitation  and  that  the 
rmal  for  that  x)eriod  is,  in  most  places,  comparatively  high.  This 
mlt  is  a  relatively  large  flow  in  river  channels.  Therefore  an 
srease  over  the  normal  of  2  inches  in  the  month  of  February 
j»ns  more,  from  the  standpoint  of  damage  by  river  floods,  than  it 
inld  in  a  dry  season  when  the  river  had  been  in  low  stages.  In 
ler  words,  the  addition  of  2  inches  of  rainfall  to  the  flow  of  a  stream 
lile  it  was  running  fairly  high  would  cause  more  damage  than  would 
3  addition  of  a  similar  amount  to  the  river  at  a  low  stage. 
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{mm.] 


PrteipiUitimk  in  tne/*fyr  in  the  Fimitaic  Valley  and  atfjoini fi^  countrff  in  F<6fiiiirj^] 

i90J. 


■                  HUfJciti. 

1 

Normal. 

montli. 

Departure 

iuoiii,4i^i>  liXQJoit.   ; 

1 

Dover... ,*^i.fc*^,. 

Morria 

4.16 

6.9a 

2.77 

t.m 

lat 

Cheater *,,^*.,  . 

do   ..... 

4»0 

5,31 

l.Ol 

LTO 

i^j 

do 

4.m 

CS5 

L38 

3.6a 

nil 

1 

Ringwootl  *....'.,»,-, 

Ptt«ak— ... 

6.70 

1.90 

m 

11KI>  SA^IIHTOKK  l^.A^fN. 

1 

Pfiter«i>ii .  ,^...^i^. . 

Pa«!*aic*-,. 

4.m 

6.  Id 

%.m 

aot 

d 

Hanover    * , , .  ,,•,,*  ^ 

!  Mtirris  . . 

a.Ts 

au 

4.69 

aao 

3 

Rivervai*? * 

Bergen  

4.69 

7.53E 

2.U 

IM 

M 

Rfwlawl 

£^0031....... 

6.90 

IM 

a  5 

Nt^wtfcfk       ...,,,.,,,. 

...Aq 

8.65 

5.^ 

1,70 

1.3U 

1^4 

8fnitli  i>rHiige -  - , 

.....do - 

4.  m 

5.69 

L47 

1.64 

is.i 

New  York  at3f  ______ 

New  York  .. 

S.m 

s.Ta 

1.93 

U47 

i:i4 

Plahifiekl    ._,.-..  ., 

CJnlooi *,* 

7*65 

7.83 

S,6d 

L7^ 
K60 

n.t 

Elkalietli             ^^^-- 

¥3,0 

i  "  " ^ 

1 

Avrra^e_ . 

4.*:ti 

2.  GO 

l.fm 

1^.9 

Tlio  r<*<'orrl  n\'  these  stations  sihow  thai  aiirin*^^  the  tuonth  of  Fpbni- 
aiy»  l!Kii\  I  hi*  [)ivripitat  ion  was  heavy,  and  that  lin^  HEuruih  iiccurml 
on  I'i^'ht  (h\y^  uf  the  tutjnth,  namely,  the  l8t,  L'lul,  17th^  -Ijit,  ^-li^ 
iJ511i,  L^dth,  ami  tho  *J8(!i.  There  was  in  various  places  an  in^i^- 
nilit'Hiir  .niiounl  o\'  ivun frill  on  other  days,  hat  the  total  is  .s<»  siii;ill 
hi  eoiiii^;uisori  with  tin*  pn.^eipitation  Urv  the  month  that  it  mayk 
tUsrei^anled  witliout  introLlneiu.ir  i4^roi*s.  In  the  following  table  Ibe 
amount  of  rainfall  Is  reeoi*dcd  at  the  various  stationfi  during  the  ei|,'ti 
days  mentioned. 
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iUlf  precipitation  in  inches  in  and  atijoining  the  Pamtaie  Valley  in  Febnutry, 


HIGHLAND  REGION. 


Day  of  month. 


(") 
0.20 

(«) 
.15 


bOBter 

larlottebtirg 

ngi^ood 

BED  SANDSTONE  PLAIN 

kterson 

mover 

▼ervBle    

Meland 

3wark 

»uth  Orange 

Bw  York  City 19 

jdnfield .18 

Usabetfa \    .36 


.62 
.27 

CO 

.10 

.12 


0.7;} 

.65 
.62 
.70 


.61 
.  1 7 
1 .  5H 
.  55 
.40 


17. 


0.90 
.96 
.60 
.95 


1.10 
.  90 

I.:W 
.74 

i.ao 


.60  I  1.00 
.54  1     ,%\ 


21. 


Average 


.01 


I 


.61 
.68 


1.72 
1.60 

1.08 


(«) 
1.70 

CO 
.45 


3. 03 

CM 

('0 
1.64 

V) 
I .  (U 
1 .  02 
1.21 

CO 


fii. 


2.80 

.  20 

2.<M) 

1.90 


.  20 
3.  30 
2.  30 
1.20 
1.2.S 

.20 
1.47 
1.33 
2.70 


S85. 


('0 
0.40 

(^0 
.06  ! 


I 


w. 


0.  90 
.70 
.9S 
.54 


1.61 


1.15 
.  75 

CO 

.61 
.  55 
.78 
.19 
.34 
.60 

.45 


.  05 
.  65 
l.(W) 
.HI 
.60 
.30 
.98 
.88 
.64 


sw. 


1.60 

.40 

2. 65 

1.H1 


1 .  39 

1 .  m 
.75 
1.25 
1.10 
1.13 
.42 
1.35 
1.40 


n  Included  in  rword  for  followinf?  day. 

Examination  of  the  two  tables  above  set  forlli  sliows  cleai'ly,  tirst, 
lat  the  month  of  February,  1002,  was  characterized  by  lieavy  pre- 
pitatioii,  which  exceeded  the  normal,  and  at  many  stations  tc)  an 
ctraordinary  dep^e;  second,  the  precipitation  occurred  on  (4ght 
lys  of  the  month,  and  by  far  the  largest  part  of  it  on  tiie  ITtli,  iMst, 
!d,  25th,  26th,  and  28th.  Closer  examination  will  sliow  liiat  tlie  pre- 
pitation  at  the  stations  within  tlie  Passaic  l^asin  was  iieavier  than 
i  the  stations  outride  of  the  same,  and  while  tlie  latter-  undouhlcdiy 
irveil  to  steady  the  general  average,  tliey  also  make  an  actual  reduc;- 
Dn  when  computed  with  the  former.  Thei'efore  theri^  can  Ix^  no 
lestion  that  the  adoption  of  the  gencMal  av«M-age  for  all  the  stations 
\  a  measure  of  the  amount  of  j)recipitation  in  the  Passai<'  \'all('y  is 
tfe  and  conservative. 

Our  interest  chiefly  centers  upon  the  last  twelve  <lays  of  the  month; 
lat  is,  from  the  17th  to  the  28th,  inclusive.  During  that p<Miod  there 
as  a  fall  of  6  inches  over  the  wholt^  basin.  This  average  will  not 
jrve  in  any  calculation  of  th(^  relation  of  run-otf  to  the  rainfall  dur- 
ig  the  flood,  becjiuse  of  tlie  fact  tliat  there  were  so  wide  difYerencc^s 
I  the  amount  of  precipitation  in  places  not  widely  distant  from  one 
nether.  The  average  of  G  inclies  over  the  whole  basin  is  but  an 
pproximation  and  does  not  represent  accurately  the  actual  amount 
IRR  88—08 3 
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of  water  proeipitated,  henee  any  t*»tiuiHtion  of  the  pmiKirtkiii  uf  i 
fall  Ui  nm-off  luiiKt  be  iH-eearkniB  mul,  in  all  iirolmhility,  iiiearrt^ct. 
Tin*  <*hnmet<*r  of  this  enormous  preeipitation  lu*  il  fell  in  an  imp 
tant  L*onHiili*rntioij,     The  heavy  snow  of  tht>  1 7th,  4H|uivii1f:iif  t<i  IJ 
uichf^.H,  luid  not  nn*lt<Ml  to  any  exUmt  by  Ihi*  ^1^1.  hihI  i*2tl,  whoti  il  ^ 
reaoforetnl  by  a  Uestru<*tive  sleet  equivaknit  to  ^A*i  mche^i  uverii 
drainat^o  at'ea,  anil  at  mjine  stations  to  over  3  ItieheM.     Theti?  wa»] 
giHieral  rise  r*f  t^niperatun*  on  the  HM  nnd  24\h^  daring  wUieli  at 
amount  of  snow  whs  molted^  and  atiout  the  same  ti>in|)efiitiire  ' 
maiiitiiined  during  the  2ath  and  2Bth,  on  whinh  da>^  the  total  pm^ip 
tat! on  was  1.10  inehes.     On  the  2Sth  there  was  a  short  bfif  tretwemltH 
downfall,  amounting  to  1.:^-  inehes,  and  at  the  end  of  thii*  Hlonii  \ 
snow  of  the  17th  had  pmctimlly  all  dit^appejinHl.     Tlim  i]iaiin»ibd 
from  the  33tl  k*  th*^  L*Hth,  or  during  six  days,  nearly  0  inches  of  wW 
were  heaped  upon  the  Fassiiic  Basin,  the  greater  pii>portion  of  wliid 
fell  ar  was  rt^eased  through  the  melting  of  snow  during  the  last  fod 
days, 

GAGE   HEIGHTS. 

A  preeipitation  so  great  and  so  rapidly  delivered  qvbt  an  ait*  the ' 
surfaee  of  which  was  frozen  could  not  fail  to  produee  eKtraortliuan* 
results.  We  find  that  on  the  Upper  Passaie  River,  at  Chatham,  fli^ 
water  began  to  rise  on  Thursday,  February  ^7,  re.aehing  a  maxiiiinm 
on  the  afternoo!!  of  Satind^ty,  Man*li  1.  ()ii  llu*  Whippauy  Uiv**r,iB 
VVhippany  Village  near  the  mouth,  the  water  began  to  rise  on  Friday 
about  noon  and  reached  a  maximum  at  10  o'clock  p.  m.  on  the  same 
day,  falling  almost  immediately.  On  the  Roekaway  River  at  Boon- 
ton  (s(^e  PI.  VII,  .1)  occurred  the  highest  water  since  February  <»,  IS'*), 
when  the  recorded  height  w^as  ()  feet  above  the  crest  of  the  Boontou 
dam.  On  tlie  present  occasion  the  rise  of  water  began  on  the  after- 
noon of  Fiiday,  February  28,  and  reached  its  highest  point  March  1 
at  3  a.  m.,  at  5.55  feet  above  the  crest.  For  seven  hours,  beginniug 
on  February  l'8  at  8  p.  m.,  the  rise  was  2  inches  per  hour.  The 
appreciable  decline  in  flood  flow  began  Monday,  March  o,  and  hy 
Maich  1  the  watei-  had  lowered  to  1  foot  over  the  dam  crest. 

At  t  lie  feeder  of  the  Morris  Canal  at  Pompton  Plains,  below  the 
junction  of  Peciuauac,  Wanaque,  and  Riimapo  rivers,  the  foUowiiii: 
gage  readings  were  reported  by  Mr.  L.  M.  LeFevre: 

Hciijht  of  water  at  feeder  of  Morris  Canal. 

Fe])rnary  2S,  4  p.  iii  . _  .  4  J 

March  1.  fi.lOa.  m Tt 

March  2,  5.10  p.  in    o.4 

Mardi  8,  2.80  p.  m    .       .      5.  '• 

March  4,  2.20  p.  m    4..' 

March  5,  7.40  a.  m . :>.i' 

Marcli  0.  4. 10  p.  m .  '^^ 

March  7. 6.50  a.  m  ' " 

3farch  8,  1.20  p.  m  .   .  - " 
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.1       MEAbUREMENT   ST  AT, UN    AT   blANLEV   ON    PASSAIC    R.VER. 


B.     MEASUREMENT  STATION    AT  WHIPPANY  ON    WHIPPANY   RIVER. 
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On  the  Riunltpo  Biyer  at  Pompton  Furnaoe  the  highest  water  was 
Merred  at  6  p.  m.  on  March  1,  where  it  reached  4.1  feet  above  the 
am  ereat  The  combined  flow  of  the  Wanaque  and  Pequanao  rivers 
Bs  measoied  at  the  Van  Ness  farmhouse  in  Pompton  Plains,  and 
bleated  a  beginning  of  rise  on  February  28  in  the  early  afternoon, 
taching  a  maximum  on  March  1  shortly  before  noon.  The  high 
Bter  was  maintained  fairly  steady  during  March  1  and  2  and  by 
mrch  5  had  retreated  within  its  banks.    * 

The  great  volume  of  water  poured  out  upon  the  central  basin  raised 
LO  level  to  such  a  height  at  Two  Bridges,  the  junction  of  the  PiiHsaic 
id  Pompton  rivers,  that  the  gages  maintained  there  by  tho  Division 
r  Hydrography  were  submerged  and  the  water  flowed  around  the 
ridges  and  inundated  the  neighboring  fields. 
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Fio.  5.— Diagram  of  gago  ruadings  at  Littlo  FallH  and  I)un(l<M«  dam  during  flood  of  WtiS. 

At  Little  Falls  and  at  Dundee  dam,  just  above  l^assiiic,  gage  read- 
Qgs  have  been  preserved  and  arc^  diagrannuatically  shown  in  fig.  5. 

A  brief  description  of  the  two  dams  and  the  conditions  surround- 
Qg  them  will  be  desirable  in  eoun(»etion  with  the  consideration  of 
g.  5.  The  Little  Falls  dam  is  constru(»ted  with  two  wings  adjoining 
lie  main  dam,  which  occupies  a  transverse  position  across  the  center 
f  the  stream.  Fig.  6  shows  the  plan  of  the  site  to  good  advantage, 
'hile  the  general  appearance  during  flood  is  faithfully  represented  in 
1.  IV,  A.  The  main  dam  is  160  feet  in  length,  with  an  elevation  of 
57.18  above  tide;  the  north  wing  is  04  feet  long  and  has  an  elevation 
f  157.81  feet,  while  the  south  wing,  constructed  parallel  to  the  Chan- 
el, is  61  feet  long,  the  crest  being  at  an  elevation  167.50  feet  above' 
de.    The  dam  at  Dundee  is  built  of  stone,  the  orest  heivug  27  ^^^^ 
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rSB  AND 
aOBTON. 


J]  FLOOD   FLOW   OF   HIOHLAND   TRIBUTARIES. 


87 


g  tables  have  been  constructed  for  each  of  the  Highland  tribu- 
i  which  seeui  to  bear  the  test  of  reasonable  analysis  and  to  f  ur- 
valuable  information  concerning  the  discharge  of  the  various 
ms.  This  dischargee  in  se<».ond-feet  for  six-hour  periods  during 
iood — that  is,  from  February  25  to  March  0 — is  set  fort.h  in  the 
1m»1ow. 

!{ff»  Jloir  in   Herotul'feet  of  Highland  tributaries  during  nx-hour  peruxls, 
February  Jo  to  March  9,  1902, 


Time  of  day. 


!  Upper 
PaHHaic.x 


iry  2«. 


iry  27. 


iry  »- 


I 


2 


l:S-  G  a.  m 

6-12  a.  m , 

12-  Op.m  ...J 
«-12p.m  ...J 

12    6a.m ' 

6-12a.m ' 

12-  ttp.m 

tt-12p.m  .... 

12-  Oa.m 

A-12a.m 

12-  6  p.  m  .... ' 
6-12 p. m  .... 

12-  6a. m 

6-12  a.  m 

12-  6p.m  .... 
6-12 p. m  .... 

12-  6a. m 

6-12  a.  m 

12-  6p.ni 

6-12p.m  .... 

3 '  12   6a. m 

I    6-12a.m 

\  12-  6p.m 

I    6-12p.m 

4 1  12-6a.m 

I    6-12a.ra ' 

I  12-  6  p.  m  . . . . ' 
I    6-12  p. in  ... 

5 i  12-  6a. m 

j    6-12  a.  m 

i  12-  «p.iu  ... 
,    0-12  p.  m  ... 

6 12-  6am  .... 

6- 12  a  m     .. 

12    «p.m    ... 

'    6  12p.  m  .... 

7 12    (Jam 

'    6  12a. m     .... 

12-  rtp.  m  ....I 

I    6^12p.m  .... 

8    12-  Oa.m  .... 

0-12  a.  m 

12-  0  p.  m    ... 
9 12-  Oa  m 


I 


i:i4 

218 

m) 
m\ 

OiT) 

OTil) 

({70 

7(1) 

72S 

H75 

1,(160 

1.440 

1,<«) 

1.680 

1,600 

l.SfiO 

\,:n\ 

1.440 
1.400 

\:.m 

I.HIO 

1,250 

1,2110 

1,1.V> 

1,(W0 

l.(M5 

1,(KN) 

\Wk) 

MtT) 

H45 

HIIO 

T.'iO 

7(10 

(WiO 

Olio 

.ViO 

»» 

4.'iO 

4(M) 

m) 
:«K) 
2:io 


WhiiH       Rocka- 
)Miny.         way. 


Pequa-  I     Wa- 
iiac.      '  iiaf^ue. 


Ramapo.  Total. 


l.Vi 
270 
:C2 
4:«) 

490 
.V)0 
((10 
OTiO 
712 
H4({ 

i,(r:i 
i.ri05 

1,470 
1,49U  < 
1,380  I 
1,340  ' 

i,:«jo 

1.200 

1,230 

I.IHO 

1,140  - 

1,1(1) 

l.OHO 

i,(eo 

UHO  , 

940 

iNM) 

800 

810 

70O 

710 

(kill 

OIO 

WA\ 

4<.NI 

440 

:M)  ' 

\m 

:i(io 

2(iO 
210 
100 
KiO 


1H5 

:«i2 

725 

800  ' 

KTiO 

»ll 

1,(NK) 

l.OTiO 

l.»IO 

l.4:«( 
i.(»; 

2,535 

2.780, 

2,780  ' 

2,780  I 

2,780  ' 

2,780 

2,780 

2,780  , 

2,527 

2.eH0 

2.645 

2.505 

2.411) 

2,420 

2,:M) 

2,220 

2,  l.'iO 

2.(IK> 

2.015 

l.mo 

l.J<70 

l.Hfi 

1.710 

l.ti70 

1.005  . 

l,5;fi 

1,405 

l,4IM) 

!,:«-> 

1.2>k'> 
1,125' 


110 
185 

:ej ! 

444  1 

500  ! 
050  I 
KIM)  , 
970  , 
l.iMR) 
1.440 
1.000 
2.225 
2,725 
3,350  i 
8,900 
4,2L% 
4,280 
4,360 
4,»«) 
4,060 
3,400 
3,275 
3. 160 
3.060 
2,Mi5 
2,625 
2,4(N) 
2,2(N) 
2,000 
1,775 
1,000 
1.440 
l.:«l 
1.240 
1  2110 
I.IM) 
1.100 
I.IH) 
l,0(t5 
1.055 
1.050 
l.(r)0 
1,080 
1,(176 


148 

2:19 

410 

574 

050 

745 

954 

1.145 

1,2:J7 

1.745 

2..'*m 

2,(S(K) 

3,050 

3,900  I 

8,9U)  I 

3,9U0  I 

8,900 

8,900 

3,525 

3,(r75 

2,875 

2,750 

2,675 

2,490 

2,300 

2,100 

1,9(1) 

1,725 

1.500  , 

l,:») 

1,245 

1,150 

1.000 

1.01 10 

940 

800 

>4K) 

700 

'.50 

7K5 

*78() 

811 

920 

1,100  I 


210 

:«i 
5r.j  I 

842  I 
850  , 
865  . 
880  I 
890 
INN) 
1.2IN) 
1,7(N) 
3,1U) 
4,400  j 
5.(0) 
6,160 
5,226 
5,280 
5,120 
4,000 
3,460 
3,060 
2,850 
2,780 
2,790 
2,780 
2,700 
2,720 
2,020 
2,  .5:10 
2,:i70 
2,250 
2.120 
1,«M») 
1.811) 
1.7(N) 
l.(»0 
l.OIN) 
1.050 
l.(NI) 
1.020 
1,000 
1  700 
1.750 
1,800 


888 
1.4.-10 
2.4811 
3.4811 
3, 7UI 
4,  hNI 
4,709 
5,205 
5,507 
7,097 
8,070 
11.5ir7 
15, 2» 
17,910 
18,790 
19,130 
19,180 
19,  (KN) 
17.395 
16,015 
14.4:ti 
14.(U0 
13,000 
13,205 
12..5:ffi 
12,  (MO 
11,410 
10, 7M5 
10.110 
9,415 
8,845 
8.280 
7  T.'iO 
7.2NO 
0. 8lki 
0,470 
0.210 
O.OiV. 
5, 7iNI 
.5,075 
5,.VjO 
5.4:ili 
5.4a5 
5.510 


<i  At  Chatham. 


1  ran-uff.  8,90O,2M,(N»  nibJr  feet. 


I       The  impart uremtmt  station  o^UiMii^litMl  ii|w>ii  th^*  irppt*r  I^assaieRiv 
^|4|feii  vilUi^o  of  Suinlry,  m^jir  (Uiatiiaiii.  ik  wluni'u  ou  PL  VIII,  A* 
^i0ff%hfnii  :tiH^  find   InrUnv  thi^  SiaiUt^y  flau^  which  was  imrHt^l  ^v%f 
'    ilitriiijr  tho  H(kmI     Nil  ap|>rf^Uabh^  ovi*rflnw  of  tho  lmnk>«  u<?4^wrn*il,  airf 
tho  reHullH  uhf^iiutnl  tiy  riun?iil'UU'1.t*f  njea»«iii^titi('tilii  an*  tnmfw(*Hhv. 
AfU^r  Uw  di»HtriH*lioTi  or  llm  dam  tht*  miUrui-o  tvfcpried  no  wiil**r  jimj 
ther<*  waH  tht^ivfoi^t*  ua  rit*ros-Hity  for  taking;  thi?  rsu*^*  illMHiRr:; 
aoe<»uutu     Tho  station   I'staltli^hiHl   at  Whliipatiy  ViUai:e.  lu.u 
inoiiUi  of  Whippany  Riv«*r  (PL  VIII,  H)^  in  prnhably  th«^  lt*iisi  ^tti*^^ 
fat^t-ory  of  tlio  llighland  stations.     Durhif?  th«^  h<4^ht  ftf  llii^  llmll 
wfiu.^r  h*ft  tht*  batiks  of  the  stw*am  and  ovc*H!oweti  ibi*  njiid  fufaW 
hoiirs.     The  timt*  limits  and  th*^  cloptlj  of  wak^r  fti>  o%t*Hl«w«d  wt^ns 
howin'i'r,  iw?curat-©ly  observed  mn\  th<.t  rii#Hi»4tircittlft0l«i  tire  HuflleteittJl 
tm^twortiiy  for  tho  pn>sonf  pnrp*>^^»' 

The  station  on  tne  Kot*ka\vay  Hivt^r,  almut  tl  milos  lie1f»ir  Uoont^ 
wa**  osUihlishod  on  a  c?ross  section  of  tho  rhanTtol,  in  thi*  ooiu^ti 
whioh  an  island  is  situatetl,  iioc^^ssitating  tht*  nicyi^^un^niviit  i>f 
ohantiels  (scm^  PI.  IX,  A).  The  n^ords  obtained  at  thii^  {loliitdfn 
include  the  entire  flow  of  Hock  away  dminni^i'  anm,  n«  ihi*  i^t^tionl 
about  7  niih*s  hImivo  Iht^  wat4?i*shtHl  limit*^.  A  hirge  |ihH  of  t.hi»^rei|| 
however,  is  int*liide<l  in  the  wet  lands  deseriVi^d  in  the  introduetiuiJ 
over  whieh  the  water  njse  durhig  the  flood.  This  t^tafcioii^  altltttu^J 
serving  fairly  well  in  high  wat-er,  is  useless  during  ilry  seasoim^  and] 
it  hafi  8inee  been  abandoned. 

The  nieiiMurementH  iipijn  the  Pequanae  Kiver  are  more  trnsLwortb^ 
than  those  on  any  other  hij^hlantl  t  rihutaiy,  lx*e^vus(*  aecnnite  <:iigf 
readings  wen*  iiKtuitaiued  by  llir  w;iter  dep:ir1nif*nl  of  the  eiiy  of 
Newark,  at  the  ^lacopin  dam  during  the  entire  flood  j)erio<l  (see  PI.  IX, 
B).  This  dam  has  been  aeeurately  rated  by  Mr.  John  li.  Fivemaii, 
and  the  results  of  weir  measurements  eau  be  depended  upon.  Addi- 
tional measurements  were  also  made  with  the  eurrent  meter  at  the 
New  York,  Suscjuelmnna  and  Western  Railroad  bridge,  a  few  miles 
above  the  mouth  of  the  riv(»r.  The  eombination  of  the  two  serie^s 
serve  to  give  an  approximatel}'  correet  estimation  of  flow  in  the 
Pequanae  River  during  the  flood.  In  the  table  on  page  37  the  statt^d 
flow  of  the  Pequanae  River  embraces  only  that  volume  of  wat*er  wliich 
actuall}'  pa^ssed  into  the  Pomi>ton,  and  does  not  include  the  daily 
draught  of  371  seeond-feet  for  tli<^  supply  of  the  city  of  Newark, 
withdrawn  at  the  Maeopiii  intake. 

A  short  distance  above  the  mouth  of  the  Wanaque  the  channel 
forks,  and  the  two  divisions  ai*e  crossed  by  a  highway'  bridge  built 
in  two  sections  to  conform  with  the  channels  (see  PI.  X,  A  and  B). 
The  distribution  of  the  flow  of  Wanaque  River  into  two  comparatively 
wide  channels  gives  shallow  water  even  during  floods,  and  the  broken, 
uneven  surface  on  the  bottom  renders  good  current-meter  measure- 
ments somewhat  hard  to  obtain. 
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A.     MEASUREMENT  STATION  ON   ROCKAWAY  RIVER  NEAR  BOONTON. 


B.     MACOPIN   DAM. 


luxm  now  at  uttlx  falls.  89 

K       The  meafluremeiit  statian  on  the  Ramapo  was  located  near  the 
mouth  of  the  river  on  a  highway  bridge  just  below  Pompton  Falls 
XIPL  VI,  A),    The  channel  here  is  deep  and  well  defined,  and  the 
vneasurements  given  in  the  table  are  trustworthy.    The  flow  of  water 
'tsithe  raceway  running  from  the  head  of  Pompton  Falls  has  been 
nieasured  and  proper  allowance  therefor  has  been  made  in  the  table. 
^       A  study  of  the  table  on  page  37  will  show  that  in  each  of  the  High- 
land tributaries  the  rise  of  water  during  the  flood  was  rapid  and  the 
Qarest  was  not  long  sustained,  recedence  following  almost  as  (quickly 
&8  the  rise.    The  combined  flow  of  the  tributaries  must,  therefore, 
during  a  short  period,  have  been  enormous,  and  it  is  readily  inferred 
"^liat  a  channel  of  great  capacity  would  have  been  necessary  in  order  to 
€2arry  away  immediately  the  waters  delivered  into  the  central  b^isin.     It 
lias  been  stated,  however,  that  the  channel  at  Little  Falls  is  a  narrow 
one  and  is  artificially  constricted  by  the  aqueduct  of  th<^  Morris  Canal, 
cui  shown  in  PI.  VI,  B.     The  area  contributing  to  tlio  flow  of  the  High- 
land tributaries  is  approximately  G3().2  square  miles,  or  82.2  per  cent 
of  the  total  area  above  Little  Falls.     The  run-ofl?  from  the  remaining 
17.S  per  cent  could  not  be  measured  and  can  be  estimated  <mly  by 
teking  the  proper  proportion  of  the  entire  run-off  of  the  area.     Bear- 
ing this  in  mind,  let  us  consider  briefly  the  flow  of  water  over  Heattie's 
^am  at  Little  Falls,  a  plan  of  which  is  shown  in  flg.  (>. 

FLOOD  PLOW  AT  LITTLE  PALLS. 

The  rating  table  for  Beattie's  dam  consists  of  three  parts,  which  are 
adjusted  to  conform  with  the  conditions  existing  at  the  main  dam  and 
"ttie  north  and  south  wings.  Back  of  the  main  dam  the  river  has  been 
filled  with  stone  to  a  considerable  distance,  affording  a  very  gradual 
dope  forward  from  the  bottom  of  the  stream  to  the  crest  of  the  dam, 
the  grade  being  approximately  5  to  1.  Bazin's  series  for  wide-crested 
weirs  was  used  in  the  flow  calculations  at  this  point,  the  eoeflicients 
which  appeared  to  be  most  applicable  being  those  determined  in  Cor- 
nell University  Experiment  No.  3,  under  the  date  of  May  2(5,  1899. 
The  north  and  south  banks  have  vertical  faces,  the  crest  in  each  ease 
being  alwut  7  feet  from  tlie  bottom  of  the  stream.  The  series  of  Hazin 
most  nearly  conforming  to  thes(^  conditions  is  No.  114,  developed  for 
greater  heads  at  Cornell  Univ(»rsity  June  1,  1S99,  and  <leiioted  i\s 
Experiment  No.  10. 

Calculating  the  flow  of  water  over  Little  Falls  dam  durinji:  the  flood 
period,  the  results  diagramatically  represented  in  flg.  7  are  se(»ured. 

Inspection  of  the  accompanying  diagram  does  not  reveal  any  unusual 
characteristics.  It  is  a  conventional  flow  curve  such  as  is  usually  found 
upon  investigation  of  any  flood.  The  rise  of  water  is  considerably 
sharper  than  the  decline,  and  the  height  of  the  flood  is  maintained 
for  a  considerable  period,  arriving  at  an  apex  at  noon  on  March  2.  It 
will  be  noted  that  the  flow  curve  is  ended  with  the  value  for  March  " 
ttt  6  a.  m.    This  is  because  a  second  rise  in  the  waters  took  p^ 


THK   PASaUC   FLOOD  OF  11*02, 

HB  a  result  of  n  ntorni  which  was  entirely  distinct  from  thone  wli 
occasioned  th<s  flood  under  dit^cueiaion,     PL  V,  .4  and  B  shows  dei 
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at  the  time  of  the  Hood  under  eonsidenition.     It  will  be  seen  that 
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'  now  oonsidered  the  flow  of  water  from  the  Hif^land  tribu- 

I  into  the  oeniral  basin  through  Little  Falla  gorge  during  the  flood 

1,  it  will  be  Instructive  to  eompare  the  two  flow  cnnres  and  show 

ions,  so  far  as  possible,  between  the  flow  of  the  water  into  tlie 

i  on  the  one  hand  and  tlie  flow  out  on  the  other. 

ion  of  the  table  on  page  37  indicates  that  the  rush  of  water 
b  the  Highland  tributaries  into  the  central  basin  during  the  crucial 
^vt  the  flood  was  greater  than  the  flow  of  the  river  at  Little  Fall.s. 
B  condition  is  indicated  from  3  p.  m.  on  February  28  to  12  m.  on 
«h  1.  It  is  clear  that  if,  to  this  flow  from  Highland  tributarif'S, 
idd  the  estimated  mn-otf  not  represented  in  the  Highland  tnhu- 
r  curve,  the  excess  of  water  delivered  upon  the  central  basin  dur- 
Ihis  short  period,  over  that  passed  through  the  Little  Falls  ^or;;e, 
lid  be  still  greater.  It  is  interesting  to  note  that  the  exc-esH  of 
'at  Little  Falls  indicated  in  the  diagram,  during  the  iM^no<l  betw<.*<-ii 
^cloek  noon  on  March  1  and  6  o^clock  p.  m.  on  March  7  is  nearly 
al  to  the  calculated  flow  from  the  central  basin,  the  17.8  iN*r  c<'nt 
he  drainage  area  above  Little  Falls  not  representcHl  in  the  Hi^ii- 
i  tributary  curve.  It  should  also  be  borne  in  mind  that  in  the 
teal  basin  the  precipitation  causing  this  flcKxl  was  heavier  than 
rwlieie  in  the  surrounding  country,''  and  this  would  in  a  large 
roe  oompensate  for  the  excess  which  stUl  appears  after  deducting 
aakmlated  flow  of  the  17.8  per  cent  from  the  excess  of  the  Little 
b  leadings  over  those  of  the  combined  Highland  tributaries, 
lonsidering  fig.  8  as  it  stands,  however,  it  gives  clear  testimony 
t  until  a  certain  height  of  water  was  raised  over  the  central  basin, 
neing,  of  course,  a  heavy  pressure  upon  the  outlet  at  Little  Falls, 
gorge  did  not  carry  anything  like  the  amount  which  was  subse- 
mtly  observed  to  be  flowing  over  Beattie's  dam. 

mRAL  FLOOD-FLOW  STATISTICS  IN  HIGHLAND  TRIBUTARIES. 

n  the  table  below  are  given  the  general  flooil-flow  statistics  in 
(hland  tributaries: 

C^eneral  flood  flow  in  Highland  irihutarien. 


1 

Oontrtbut- 
in^  drain- 
age area. 

Percent- 
ago  of  (ron- 
tributinK 
area  to  to- 
tal above 
LitUo 
Fkilla. 

Total  run-off 
for  each  sta- 
tion. 

Run-off 

Cubic  feet. 
8,275,(62 
12,281,610 
18,K'i0.411 
21,572.240 
16,011,411 
18,786,078 

Run-off 
in  inches 
on  water- 
shed. 

ile  ntChatluun .... 

Bq.mile*. 
99.8 
66.9 
125.4 
84.8 
100.6 
100.7 

12.9 
7.6 
16.6 
10.9 
14.2 
20l8 

Cubic  feet. 
826,847,200 
716,364,000 
1,787,841.000 
l.l«,a62,600 
1,646,263,400 

s,»B,^io,no 

3.5 

DOMny.  at  WliippMiy 

5.5 

iMniy.  below  Boonton 

5.9 

— C  bdow  Bkwmlngdale 

■«iM,AtFMniitoa 

iVO.a*PonptoiiLiike 

9.8 
5.8 
6.0 

«SMteUeonp.8i 
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SUBMERGED  LANDS  IN  CENTRAL  BASIN. 


Among  i\w  tnMut^li^  ftnitui^s  of  the  flood  wc^m  tlio  effoeliiof  the  nisii 
of  water  irjU»  I  ho  iM^itnil  Imsin,  tho  Mubmori^d  area,  3i*,Wj  ncres, 
iM^&ng  (if  iimK*iaal  (l*xU*ii1  .  It  will  hi>  observed  by  inHfMM^tkm  of  U»e 
2^1 1  ml ^d  portions  t»f  1*1.  XI  that  tho  iuipamiclrMl  watf^m  wi*r**  tbvi*l<?<i 
iiih>  l\%o  <listim*t  an>aH*  TJu^  wididy  t^xt(%iid<*d  aiitl  irn**;idiir  tract 
einbriw'iuj^  wlint  is  known  nfi  tbo  itwai  Psi'«o  MimkIow,  Tniv,  Hhuk 
and  Lonj^  meadows,  llatliold  8wainp,  and  the  Baif  and  Vly  me4Kl(>w« 
\uiH  ail  anta  of  '22,7 -^Ci  aems,  whiln  tho  Gn^al  Swampf  ailnatH 
fnrlht^r  t-o  tht*  KOiith  and  dividod  from  tlio  foniKsr  a(*c*iitiiitlmUtM  of 
wat€*i*  by  tho  t^n^iaiual  moraine^  han  aa  an'a  of  lJ,3Ti)  acrofi*  There 
la  littk^  qiie««tioii  tfuit  the  Hooded  area  ahowti  on  PI.  XI  wjia  not 
entirely  covered  at  one  titne.     Tlu^  water  fii«t  oollBirtocl  In  lite  upper 


Flow  of  pKssiiic  River  over  Dundee*  dam  February  86  to  March  9,  1«K. 


portions  of  the  swamp  land,  and  tliere  was  considerable  slope  towanl 
the  outlet  at  Little  Falls.  In  the  latter  stages  of  the  flood  there  was 
a  greater  area  of  suhnuM-ged  land  near  the  outlet,  while  there  had  lKH*n 
a  notieeabh*  recedtMUM*  above.  The  flooded  lands  will  l)e  further  dis- 
cussed undei-  the  section  dealing  with  damages  caused  by  the  floo<V 

The  j)()int(>f  flow  nu^asurenient  next  Inflow  Little  Falls  is  at  Dundee 
(bun,  a  diagraniinat  ic  i-t^presentation  of  the  gage  heights  of  which  Wius 
given  in  fig.  !».  The  dam  has  already  been  partlj'  described.  It 
extends  directly  across  th<»  bed  of  the  stream,  and  the  upper  and 
lower  faces  slope  from  the  crest.  On  the  upper  face  of  the  dam  thcn^ 
is  a  fairly  unvjonw  \:;Yav\v^  ol  l-\  \o  Ww^  \\n<>\  bottom,  while  on  tlif 

loWiH'  face  the  dlUW  \s  \>V\\\\  V\V  ^^'^  s\^Vv^v^\\v*v^\\^^^v.^v\\:\N^^X»KV^^>^\^^V<L^^^^ 
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A.     GAGING  STATION   NO.  1   ON  WANAQUE  RIVER  AT  POMPTON. 


JS.     GAGING  STATION    NO.  2  ON   VMNAQOt  R\^JtR  K^   ?OVKV^Ck^. 


!M 


VTBB  Ain» 

xiofiToy. 


0 


FLOOD  TLOW   AT  DUNDEE   DAM. 


48 


r»  and  1-foot  treads.  This  gives  a  slope  of  1-1,  but  on  account  of 
deterring  effect  of  the  steps  during  flood  flow  the  coefficient  to 
pplied  in  determining  the  volume  of  water  passing  over  the  dam 
t  necessarily  conform  to  that  determined  for  a  batter  of  gentler 
e.  The  coefficients  selected  were  those  promulgated  in  Cornell 
versity  Experiment  No.  8,  dated  May  30,  1800,  which  is  an  adapta- 
of  the  Bazin  series  No.  78  for  greater  hemls.  Fig.  0  shows  dia- 
nmatically  the  flow  over  Dundee  dam  during  the  flood  of  10()'J. 

FLOOD  FLOW  AT  DUNDEE  DAM. 

lamination  of  the  above  flow  curve  reveals  tliat  tlujre  are  pecul- 
iies  in  the  rise  of  the  flood  not  noted  in  the  flow  curv<»  for  Beat- 
;  dam,  namely,  two  decided  checks  in  the  progress  of  the  flood. 
m  the  examination  of  similar  curves  for  previous  floods  over  this 


Pio.  10.— Flocxl  flow  c'urvt»8  ovi*r  Bt'iittie'H  uml  Diiiidw  <luniH  Hhowinjr  n'lationM. 

I,  cheeks  of  this  nature  appear  to  be  a  ehanieteristi(^  feature,  IIk? 
»e  of  which  has  not  been  definitely  (l(»t(MMuined.  It  lias  been  sug- 
.ed  that  the  decrease  in  tlie  flow  in  fornuM*  floods  has  been  caused 
the  onrush  of  water  from  Ponipton  Uiv(M'  which,  as  has  been 
lained,  flows  into  the  central  basin  with  tlu»  combine<l  discharge 
he  Ramapo,  Wanaque,  and  Pequanac  rivers  fi*oni  steep  grades, 
3  delivering  its  waters  l)efore  those  of  the  nion*  sluggisli  Passaic 
descend  its  sinuous  coui*se,  and  that  wIumi  the  force  of  the  flood 
he  Pompton  expends  itself  there  is  a  t(Mnp<n*ary  (•heck  in  the  prog- 
,  of  the  rise  of  watei's  below.  However  true  this  nuiy  be  in  the 
)  of  other  floods,  it  certainly  does  not  apply  in  this  instance. 
re  is  no  evidence  from  the  examination  of  the  flow  curve  at  Little 
\s  that  any  such  phenomenon  ocxHirred,  au(V.^\vaX>  v^  \«v<at<ii  oCT^Nvwir 


E 
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Jig,  the  check  loiik  iilaf^e  nt^iirly  two  dayj*  tiefoit^  tJu*  iluw  fnini  llin 
oinptori  liivm*  hud  n*jw^h<Hl  it**  maxirnitiiL     1 1  in  vx(ri*iniely  pnibHlilt^ 
lilt   tln*si^  ptHMilianlii^j^  in  tlu*  rlKi*  of  th**  flwid  an*  iht*  n*«!iU  of  thtf 
111  (dT  Trom  lUi'  nn*n  Ih^Iw^hmi  IJttltt  I*V*lls  jiiul   Dunilce  dam.    Ui* 
ftt  11  rally  a  cpnck*Kpniiti^  nn^a*  having  b^'cti  di vestal  of  formt^i  ^ikI 
iH^ntaininji  a  crMiiparativt^ly  larj?<*  exiwiiHc*  of  marfidaini/jed  nmils  mi 
tliivwl  Htrt^»^tH.     The  lai'gf*  city  of  Pati»rHt>n  luul  tin*  siirriiuudiuj;;  am 
^bnptto^  ItH  en  tiro  run^iff  into  the  Ph88iiu%  and  ihb  in  lt^4f  wciuld 
^■11 VI'  j4omi*  <»(TiH't  iqjon  *he  mt^^  of  incn>a?***  after  g^reat  preci|HWii)a. 
^1   CoinparLKon  of  1hi*  How  eurvesi  in  tij^*  1(^  M*eni>4  t*»  «u|>|>orl  tlie  WH' 
^■iQtton  Hdvanecd  einieerningthecau.^^e  of  the  t^ni|K>rary  ehecks  In  «ii' 
^)Togre««  of  the  ttfxid  curve  over  Dundee  dam*     It  is  exije<»t<nl  that  ib^ 
inrK*aue  in  th*^  flow  nvt^r  Little  Fall^  daiii  w^uild  Lh*  a  prJUHleallv  ton 
f*tant  one  iKH^aUfw?  of  the  issteadying  effect  of  the  great  Ht^mge  alTonH 
hv  the  meadow  lands,  and  the  iftteiid^  rine  in  the  Little  FaHj^  cnne 
lieaJ'H  out  thiB  idea*     Tlic  Dundee  curve,  on  the  othir  Imud,  shmv^ut 
Vhv  lM.*^hiniiJg  every  indication  of  a  tla^hy,  qoiek -spilling^  cMintrihutiiii! 
area,  the  t^fFeet^s  of  which  are  not  ovt*reoine  until  the  flood  has  advaih'^ti 
to  within  one  day  of  \t^  tiiaxtmum.     At  that  time  the  steady  prea^^un* 
from  Little  Falls  s^'^emK  to  ^ive  luort*  character  to  tlie  Dundee  en n^s 
and  the  re  main  tier  of  the  diagram  is  conventionah     It  will  lie  nouA 
that  t  lu*  apex  of  the  Little  Falls  cm  ve  falls  twelve  hours  Ijefore  tJiflt 
of  Diuj dee  dam,  which  is  about  the  time  which  might  \m  expectal 
to  en,siio  when  w^t^  consith^r  the  eoiupurativt^ly  larg<^  storage  nqmi^ily 
afforded  hy  Dundee  Lake, 

FLOOD   BELOW   DUNDEE   DAM. 

The  action  of  the  IhuHl  watei-s  below  Dundee  dam  was  sufficitMiilv 
diiTerciit  from  tliosr  in  thi'  VKlh\v  above  this  point  to  warrant  h|>a.'Lil 
nn^ntinii. 

The  physical  character  of  the  valley  fmni  the  dam  to  the  iiioiith  nf 
thiwiver  is  strikingly  difTcrt^ut  from  that  of  itti  other  8<K*tionii.  ^i^ 
has  biM'iL  stated,  it  consists  ul\  hrst^  a  short  reach  of  4  niile^s  thmudi 
the  v\  iy  of  I 'assa ic ^  \r i  t h  a  t  o t a  1  d  rop  * >f  0  f w* t-  A t  th i s  poi n t  th e  ri n^r 
tiiros  j^harjily  and  i*e turns  to  its  former  direction  in  a  brwid  S-Blmp^ 
bend.  '1  hisS  [jeuuliar  be  nil  is  si^iiirN'anl  in  coin  n*<'t  ion  with  the  ^"i^ 
ptjsed  change  of  llu^  stream'^  eoni'se  during  tilaeial  time.  It  als<*li'^ 
a  bearing  on  Hood  ecmditbrns  in  that  it  lies  in  a  ihit  hasin-like  wiikit- 
ing  of  the  vall^*y,  ami  hi^h  watet>i,  especially  such  as  come  with  nni('li 
fontc^  are  ftireeij  to  leave  the  chain ud  and  invade  the  surroun^liii? 
low- lying  tiM-ritory,  The  second  distinguishing  feature  is  that  beltit 
this  point  the  river  beermies  a  tidal  estuary  13^  miles  in  length,  ^^ 
lies  in  a  constricted  valley  which  becomes  narrower  as  the  moulliof 
the  river  is  approached.  At  Passaic,  Belleville,  and  Newark  d(Kk> 
))av(*  been  constructed,  which  still  further  <le(frease  tlie  natural  width 
of  t/ie  cJiannel,  and  \u  advWVum  Vv^  \\\vj\\\  vv.  uumbiM-  of  railway  aiui 
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A.     DAM  ON    PEQUANAC  RIVER  NEAR  POMPTON. 
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^hway  bridges  have  been  built  lusrosH  the  stream,  which  by  piers 

d  abatments  more  or  less  obstruct  the  flow. 

Ln  this  section  of  the  valley  pojiulation  is  dense,  and  with  the  single 

seption  of  the  low-lying  portion  of  the  city  of  Paterson  manufac- 

ring  and  other  interests  are  more  seriously  affected  by  high  water 

%a  elsewhere  upon  the  watershed. 

Fhe  waters  of  the  lower  river  fairly  followed  the  gage  heights  at 

indee  dam  during  the  first  part  of  the  flood.     On  February  27  the  < 

iters  were  high;  on  the  28th  they  had  arisen  above  the  right  bank 

Passaic  bridge  and  flooded  the  highway  at  this  iK>int.  On  March  1 
5  flat«  situated  above  Wallingt^>n  and  the  an^as  adjacent  to  the 
"er  on  both  sides  for  several  miles  below  were  flooded.  On  this  and 
3  following  day  water  rose  above  the  floors  of  the  highway  bridges 

Passaic,  Rutherford,  Avendale,  and  Belleville,  and  these  bridges 
tre  in  great  danger  of  l)eing  carried  away,  while  the  bridge  at  Psis- 
ic,  just  Inflow  Dundee  dam,  was  lifted  from  its  fcnindations  and 
mpletely  wrecked  (PI.  XV,  /?.)  This  danger  was  much  increased  by 
B  amount  of  debris,  espi»cially  in  the  form  of  drift  wo<k1  from  lumber 
rds,  which  became  IcMlgcMl  against  the  piei*s  and  bridge  spans.  The 
ie  Railroad  bridge  at  Passaic  was  threatened  and  trainloads  of 
avy  iron  and  coal  were  placed  uiK)n  it  to  add  to  its  stability.  On 
irch  3  and  the  days  following  the  waters  gradually  subsided  until 
e  normal  stage  was  resumed. 

FLOOD  FLOW  OF  SADDLE  RIVER. 

In  connection  with  the  floo<l  in  the  lower  valley  should  l)e  consid- 
ed  the  discharge  of  the  Sa<ldle  River,  which  enters  the  Passaic  just 
•posite  the  city  of  that  name.  Although  this  stream  joins  the  main 
ink  below  the  dam  at  Dundee,  where  one  of  the  main  flow  comi>u- 
tions  was  made,  and  though  its  volume  was  not  included  in  the 
iichai*ge  curves  given  above,  it  still  seemed  to  have  an  influence  in 
'elling  the  volume  of  th(^  waters  near  Passaic  and  Wallington  and 
L'reasing  the  daniag*^  done  at  these  points. 

From  evidiMice  secured  at  Bootg(»r  Piece  Dye  Works  at  Lodi,  the 
ddle  River  lM»gan  to  riso  on  Friday,  F<»bruary  2S,  at  alnjut  (J  p.  m.  It 
96  St  ea<  lily  until  Saturday  morning,  March  1,  between  2  and  r'Jo'<;lock, 
tnaining  high  until  7  a.  m.  of  the  same  day.  Hy  5  o'clock  p.  m.  on 
tunlay,  March  1,  th(»  waters  had  receded  within  th(»ir  banks,  and 
adually  declined  in  volume  for  the  next  tive  or  six  da^'s. 
No  measurement  was  made  of  its  flood  discharge,  but  on  April  12, 
02,  a  current-meter  mea.surement  showed  221  second-feet  flowing  at 
di,  the  wat(»r  at  the  time  of  the  flood  being  7.0  feet  higher  tlian  at 
B  time  of  the  measurement. 

The  flood  on  this  river  (dosely  resembled  previous  floods  in  rising  and 
[firing  <piickly,  and  the  cwst  of  its  flood  wave  n^ached  the  main  stream 
fore  the  waters  from  the  other  tribuUiries  enteitMl  the  lower  valley. 
Although  the  flood  crest  of  Saddle  River  did  not  play  an  im^rtaxnt 
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part  in  tht*  flood  on  tht*  niain  t<»tmuit^  it«  liulj^Hiuent  diaciiat^e,  mm 
lai*gerthanuHttHl,  eoiiiin^  iti  conjuuetion  with  tht*  miti^  waten^of  ti 
main  f^irpaiii,  must  have  had  it^  efffH*i  iu  iuf^feaaitig  the  damage  in  ti 
W  a  11  i  u  ^1  o  J 1  -  PikHsa  ic  d  i  si  H  ct  * 

At'  I*»iwiyiic  llridge  near  the  southern  extremity  of  the  flat  extendi 
of  Un>  valley  juBt  mentioned  the  main  line  of  the  Erie  railroad  cn»st 
thf^  flat«  on  an  elevat*^d  em  bank  men  t  and  pa.5Se!^  over  the  river  ot 
drawbridge.  This  liridgt^  has  two  piens  in  the  rivtT,  as  showti  on] 
I,  A,  Each  iif  thi*m^  piers  is  surroundeil  by  piling  which  in  titoea 
high  wat/or  eatehi^s  run  eh  floating  dt^brii^  and  ^let^  iisi  a  t>empofi 
obstruction  Uy  the  curi'enL  The  distance  from  the  abutuient  on  t 
right  bank  tro  the  main  pier,  that  which  supjxirt**  the  draw,  is  S(H>  f 
and  from  the  main  pier  t^  the  abutment  on  the  left  Imjik,  81.5  U 
Wefit  of  the  main  abutment,  as  seen  on  the  left  of  PL  I,  A,  a  hi| 
way  pai!^e»  b«^neatli  the  elevated  tracks  through  a  mas*" ury  culvert 
fee  t  wi  d  e  at  the  base .  Th  e  e  n  t  i  re  d  iseh  arge  f iT>m  t  he  wate  rsbed  of  or 
a  thousand  square  railas  is  obliged  t^  pass  through  these  openin 
which  have  a  t^otaf  width  of  ;i50.5  feet,  and  which  iu  very  high  wa 
are  more  or  less  cf>ntracted  by  the  Imlgment  of  debris  against  i 
piers.  During  the  fl(MKl  under  discuftsion  the  water  rose  over  the  rot 
way  shown  on  the  left  of  PL  I,  A^^  and  stood  for  some  time  above* 
level  of  the  NUnie  walls  seen  on  the  extreme  left.  The  higli^wii 
mark  on  the  bridge  itself  was  about  half  way  up  on  tlie  middle  dn 
of  the  draw  jibiinly  seen  alwvt*  the  idling  in  the  picton^. 

HIGH-WATER  MARKS  IN  LOWER  VALLEY. 

\\y  the  courtesy  of  ^Iv.  li(>l)ert  ]\I.  Watson,  of  Wise  <fe  Watson,  en; 
neers,  of  Passaic,  N.  J.,  w(^  are  permitted  to  use  the  following  levi 
taken  at  llie  time  of  liigli  watiM*  at  different  points  fi-om  Pjis^aic 
Belleville: 

l{i(j)i-K'<tfrr  jiutrkfi  in  lower  vaUey. 

[Eh'vation.H  ^iven  aiv  n'din-ed  t<»  tho  State's  datum.]  Elevat 

in  ft"' 

At  Enaincliiio's  Works,  southerly  corner  of  Seventh  and  Worthen  streets 
(Dnndee  district),  in  city  of  Passaic,  near  right  l)ank  Ptissalc  River.  l'> 

In  engine  room  Passaic  Lumber  Company's  mill,  northerly  comer  Lester 
and. Scott  streets,  in  borough  of  Wallington,  Bergen  County.  N.  J. 1"» 

On  nortluvesterly  fence  Standard  Blea(diery  proi>erty,  at  a  point  about  2<X) 
feet  northeast  of  Eiie  Railroad  at  Carlt/On  Hill,  Bergen  Ccninty,  N.  J I*' 

On  office  building  of  Anderson  Lumber  Company,  on  right  bank  Passaic 
River,  near  foot  of  (rregory  avenue,  in  the  city  of  Passaic  (and  on  River 
Road)       14 

On  entrance  to  Pagoda  Hotel,  near  right  bank  of  Passiiic  River  (m  River 
Road,  and  about  l.")(i  fret  s(^uthwest  of  Erie  Railroad  bridge  across  Passaic 
River,  in  the  city  of  Passaic _    .    i:> 

On  northwesterly  corner  piazza  E.  T.  Galloway's  house,  at  easterly  comer 
River  Road  and  Woodward  avenue,  in  the  borough  of  Rutherford,  Ber- 
gen County,  N.  J  ,  . .  _  .      1*2 

On  Powell's  front  stoop.  so\\U\  s\de  of  Riitherford  avenue,  alxmt  5<M)  ftvt 
southeast  of  Passaic  River     -  -  - 11 
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FLOODED   AREA  ON   GREAT  PIERCE  MEADOWS. 


Ji.     FLOOD  AT   TWO   BRIDGES. 
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ElBmtkm 
in  feet 

ind  at  carriage  entrance  to'William  B.  Trayis8*8  estate,  on  Valley 

avenne.  near  soatherly  comer  Valley  Brook  and  Park  aTennes  and 

Boad,  at  Lyndhnrst.  Bergen  County,  N.  J 11.00 

hree  inches  higher  than  wheel  guard  on  Avondale  bridge  across 

cBiver,  between  Essex  and  Bergen  counties 10.81 

esterly  pier  Belleville  bridge  across  Passaic  Biver,  between  Essex 

ergen  comities 9.81 

1  these  a  profile  of  tlie  flood 
lan  been  drawn  and  is  also 
h1  (fig.  11).  In  the  profile  the 
base  line  represents  the  ordi- 
lean  water  level  of  this  part 
river,  while  the  flood  crest  is 
mted  by  the  irregular  line 

at  each  point  where  levels 
^ken  profiles  of  cross  sections 
valley  have  been  inserted  to 
;he  extent  to  which  waters 
wed  the  banks, 
riking  feature,  not  brought 
'  this  diagram,  is  found  in    j 
tion  with  the  levels  at  the    | 
Td  Bleaohery  and  at  Passaio    j 
,  just  above  and  below  the    i 
;ailroad  bridge.    The  Stand-    | 
)achery  is  located  on  the  north    | 
:  the  Erie  Railway  embank-    > 
(about  one-third   of    a  mile    i 
!rom  the  stream  at  Passaic    { 
),   and  at  the  eastern  edge    j 

flat  area  on  the  left  bank    i 
river  on  which  also  stands     ! 
trough  of  Wallington.     The 
ery  level  wtus  1 5. 98  feet,  while     ' 
I  the  north  side  of  the  bridge 
out  14.65  feet,  as  taken  from 
I.  levels    a    few    days    after 
Iters  liad  subsided.     It  has 
uggested  that  the  high  level 

Standard   Bleachery,  which 

to  Ixj  well  authenticated, 
ave  been  due  to  the  onrush 
waters  of  the  main  stream 
3r  witli  the  heavy  discharge 
die  River,  which  forced  the 

over  the  Wallington   flats 
mporarily  piled  it  up  against  the  obstruotied  «m\M3^ks&!Ko^  v&.^ 
Jig  1bj94  nwr  whioh  the  Bleaohery  is  ftvtaa\AiSL. 


^ass/c  foot  of  Gregory  Aw^   t^*^ 
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The  next  level  wai<  tAkim  fit»  P»H«iiti*  Bri<lgt%  bat  a  fow  f^ 
the  KrU*  Ivridgo  and  t'liibaTikmLUil.  Thij^  IovqI  was  recorded  ai 
ff»et,  a  di(TiiiiMien  iK^tweeu  that  on  the  uurth  mdt^  of  the  hn 
at>ont  1  fori!  (f*(*v  fig.  U).  Eyf^ witnesses  on  tht*  i^Frouinl  at  th*>l 
the  flocnt  t^8tifit**l  Ibnt  thei'*^  was  n  jstrikiiitr  rUffereiiee  in  the  li« 
the  water  on  the  north  and  s^outh  sides  of  the  Erie  abutitien 
that  l'h<^  water  poiimd  bt^twecn  them  as  over  a  sloping  bed. 

Th*^  varlout^  Hection  profiles  of  the  valley  aeeompaiiyiitg  ^.  1 
aj^aiii  the  f^radual  narrowing  of  the  valley  which  wan  before  r 
to  in  the  general  diBenHftion  of  the  river^  and  wa#i  there  atl 
to  tlio  po.Sv'^lble  change  of  drainage  which  luin  taken  yims^ 
geologic  times. 

LOSSES  CAUSED  BY  THE  FLOOD. 

Floods  of  Hueh  ningnitude  ivs  the  one  under  dif9Gn8»ioii 
nt^eeHHity  ran  we  gmat  dnniage,  l>iit  from  the  varjaug  nature 
lo8^e8  and  the  ciivum^taneeft  surrounding  them    it  if*  impoil 
tnak 0  I n o n*  th ana n  appro x i m at i o n  o f  the i r  a m o ii n tu  I 

A*  might  be  PxptH?tc»d,  the  losses  were  greater  in  the  oentn 
and  tower  valley  thnn  on  the  tributanes  in  the  Highland  ar 
the  bist-named  seeiion,  the  pn>portion  of  population  Ijeingsmfl 
few  indu^trieft  centering  upon  the  rivers,  there  was  little  oppo 
for  extensive  dHinaije.  The  vjilleys  nn^  s<j  narrow  ami  sti^i' 
tliat  tliere  was  comparatively  little  flooding  of  higliways  and 
floors.  One  or  two  dams  were  carried  away,  notably  that  at  P« 
oil  Ww  P(Miiianac  (PI.  XII,  .1),  and  some  of  the  highways 
mountain  vall<\vs  were  floo(lc<l. 

In  the  central  basin  thc^  losses  were  mu(*li  greater,  being  occi 
by  extcMisive  flooding  of  farm  lands  (sec  PI.  XIV,  A  and  B) 
ing  eonsi(l(M-al)le  damage  to  stock  and  personal  proj)erty.  Ii 
instan<'cs  cattle  and  horses  had  to  be  removed  to  !> laces  of 
and  suffered  mueh  from  exposure.  Harns,  ccllai-s,  and  hous 
floodcMl  (se(^  Pis.  XII,  /),  and  XIII,  />*)  and  the  inmates  were  c 
by  the  waters.  The  damage  was  furthcM'more  much  exaggerj 
the  nnnsnal  duiation  of  the  flood,  the  waters  remaining  on 
lands  of  th<*  basin  fo!*  more  than  a  week. 

Three  railroa<l  lines  eross  this  portion  of  the  I'assaic  watei 
the  Mori'is  and  Essex  and  Hoonton  branches  of  the  Delaware 
awanna  and  Western  Railroad  and  the  Greenwood  I^ake  Bri 
the  Erie  liailroad.  The  first  two  lines  traverse  the  basin  for tl 
part  at  altitudes  higlKM' than  the  level  of  the  flooded  ai-ea;  1 
(Trcenwood  Lake  Ibanch  runs  foi*  several  miles  over  a  section 
flat  lands  and  was  mueh  affected  by  the  flood  conditions.  The 
of  this  road  were  flooded  above  Singac,  also  at  Mouutaiuvi 
l)elow  Pompton  Plains,  'llie  water  reached  tlic  ties  of  its 
across  the  Passaic  at  Signac  and  the  structure  was  only  held  i 
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y  traitiH  heavily  loadod  with  iron  and  c^oal.  Just  above  this  point 
te  track  was  washed  over  by  the  overflow  from  the  left  bank  of  the 
^er  and  large  portions  of  its  gravel  embankment  were  carried  away, 
ortunately  there  are  no  large  towns  located  in  the  floode<l  lands  of 
ie  upi)er  basin,  or  the  damage  to  individual  property  holders  would 
Bve  been  much  more  serious. 

In  addition  to  the  injury  to  private  proi)ei*ty  the  chief  damage  in 
:ftis  part  of  the  drainage  area  consisted  in  that  sustained  by  the 
ridges  from  debris  and  floating  ice,  the  complete  suspension  of  travel 
y  the  flooding  of  highways,  and  the  loss  and  ineonvenien<»e  due  to 
:ie  interruption  of  travel  upon  the  railroad  lines. 

Some  of  the  highways  were  passable  with  difficulty,  but  niau}^  of 
tiose  most  used,  especially  such  as  run  near  the  main  stream,  were 
rossed  in  many  places  by  swift  currents  of  water  from  3  to  0  f^^et  in 
epth,  through  which  passage  was  impossible  except  for  tlie  most 
eavily  loaded  wagons. 

The  total  area  of  the  flooded  lauds,  as  seen  by  reference  to  tli<i  map 
f  the  central  basin,  PI.  XI  and  various  plat,es  of  tlie  n^port,  was 
.pproximately  32,(KK)  acres.  A  numl)er  of  dams  were  carried  away 
•n  the  tribut^iries  near  the  edges  of  the  central  basin,  notably  that 
>n  the  Passaic  proper  at  Stanley.  Fortunately  the  water  conflned  by 
liese  structures  was  not  enough  in  amount  to  seriously  damage  the 
ower  portions  of  the  valley  below  Little  Falls,  and  from  that  point  to 
•he  month  of  the  river  the  damage  was  of  a  different  character. 

As  has  been  described,  the  valley  below  Little  Falls  is  compara- 
tively narrow  and  thickly  populated,  Paterson,  Passaic,  and  the  inter- 
vening towns  being  closely  built  up  to  its  banks.  Between  Paterson 
md  Little  Falls  the  roads  on  both  sides  of  the  stream  were  flooded,  and 
ihe  trolley  line — much  used  by  employees  of  factories  at  Little  Falls 
irho  reside  at  Patereon  and  depend  wiyon  the  line  for  transportation — 
ras  completely  blocked  for  several  days.  The  pumping  station  of  the 
Sast  Jersey  Water  Company,  located  at  the  foot  of  the  main  drop  at 
jittle  Falls,  was  considerably  damaged  by  the  rise  of  waters,  which 
looded  its  main  floor  to  a  depth  of  several  feet,  stopping  all  oper- 
ations and  injuring  the  pumjis  and  electric  motors  which  were  there 
nstallcil.  PI.  VI,  B,  shows  th<^  water  standing  at  a  higher  level  tlian 
he  floor  of  tli<»  pumping  station  as  seen  looking  downstreaMi  under 
he  viaduct  of  the  Morris  Canal. 

Below  the  main  falls  in  Paterson  the  city  closely  confines  the  river 
m  l)oth  banks.  The  left  bank  stretches  back  some  distance  from  tlie 
troam  as  a  low  bench,  which  is  built  up  with  resi<lences.  This  sec- 
ion  was  flooded  for  several  blocks  and  remained  under  water  a  num- 
K>r  of  (lays.  Many  houses  were  <lamaged  by  the  water,  and  while 
he  individual  losses  were  not  heavy,  they  still  amounted  to  consid- 
rable  in  the  aggregate.  On  the  right  bank  of  the  river  the  section 
xtending  several  blocks  east  of  River  street  was  under  water.  This 
IBB  88—08 ^ 
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SUMMARY, 


l^'njiii  lh«*  fom^sT'jiii^  dbinmsJoii  it  in  seiiii  that  the  Pn^^^^u* 
of  iiiiiK»rt4iact',  bolii  an  lu^eciiifit  of  tJi*»  Urgi^  nu^ntiftM'funii^  'lftt«^1 
wliidi   <leiM*iiil  ii[Kni  it  til  n  CH^rtiiin  oxt-ent  fur   iwiwr^,  nm\  iflil 
^tiiit  nf  thi^  eiiii^H  which  nm*  it  iis  fi  Hoitrct*  of  Tnuni«Hp»l  iMit^| 

fcatiin*?*.  I  Unlike*  th«^  imlinary  iiahit  nf  river  systemSj  m  whicb  tl 
lril»uUirii'H  join  1/ln^  urn  in  tniuk  nf  iiiu*i  vaU  on  *^ither  8ide,  rt**3t*mblij3 
.tho  vi'iri«  til'  a  k*af,  tin*  iiii]»OTtaut  t  riUiit^ries  of  tht*  Passaie  delive 
llieir  wtlt4'rti  to  tin*  Tiiiiiit  tflTi^uti  at  poiuts  uoi  far  from  the  middle  of 
1 1 s  <HHi  rso .  T 1 1 t*y ,  Til in\H» v t» r^  fl < » w  f  n i it i  u  m o ii  n tai q i )ii s  i^e^ion  w i t. Ii  t% ptd 
fail  J  and  nifH^»t  the  muiu  art-i^ry  in  n  fliit,  basin-like  area  which  easily 
!meome»  flocklfMl  at  evon  oniinarily  high  Htagog  of  the  atream.  It  hM» 
In^u  H€i€^n  tliat  tht*  outlet  to  ihiB  banin  m  a  nan-ow  ^or^  at  J.itik' 
Falls  it^^triiH^Hl  at  it**  lower  end  by  a  masonry  viaduot,  and  that  in 
tttnt>B  of  vory  high  wat-er  the  gorge  in  tooHniall  t-o  aeco miniate  the  dis- 
C'hnr^**  tif  tht*  nv<*r,  and  e?ctonj*lvo  rtootlingof  the  banin  above  n*f*a!tA 
ll  haw  iN^en  ol^Hrrved  thai  t]u^  lo\^'* lying  portions  of  I'atfTj^on,  l*a!*sak\ 
and  Iho  neighlionng  town«  i>ii  the  bankrtof  the  river  in  iU  lowt*fi**>urw* 
ai*u  Hubjeet  to  overflow  during  high  freshets^  which  damage  not  iiuh 
itidividiiiU  htm»eholdei*s,  but  also  the  lai^e  mantifaeturiug  inlen's*i^ 
there  loeated.  The  Btrikitii;^  physical  reUtionK  of  the  lower  valtev 
linve  ulsu  lH*on  tonched  iipon,  namely,  that  there  i;^  a  gradual  narrow- 
ing ii(  iln'  valley  as  the  month  i8  approached,  which  seemn  to  hsve  I 
coog<'st*^d  the  outlet  of  ilood  waters  in  this  iwrtion  of  tht*  dniinA^ 
area.  i 

W i 1 1 1   regart  1  to  the  oond i ti on s  p ree ed i n g  a n d  ace o m \ mn y i n i;  t h**  , 
flood  lif  ]*J^>*2^  it  has  been  observed  that  during  tlie  latter  i>art  <if  Feb- 
ruary of  that  year  approxinmtely  fi  in(*hes  of  prt*cipitJition,  eomiKise<l 
of  nielt**d  fSUoWj  Mleet,  and  rain,  were  release<l  u|K>n  the  frozen  flrain- 
agr  aiH*n.  nnd  tlmt  nincli  of  thij*  water  parsed  rapidly  into  the  sti'eumi*- 

It.  wa^  nlsr>  !si.H*n  that    the  tnonntain  tribntarit^s  diseliargeil  lar^t* 
volnnn*s  into  the  ecutral  basin,  floofling  approximately  ;i:?JHN>  aefe*   I 
of  it,H  an*a  and  doing  eonHiderable  damage  to  Winning  and  railniftd 
interests  there  located. 

As  indicated  from  gage  heights,  the  rise  of  wat^r  began  at  Dundet* 
dam  about  (i  p.  m.  on  February  25,  and,  after  subsiding  slightly  on 
Fel>ruary  20  and  28,  reached  its  maximum  of  approximately  24,801* 
second-feet  on  Marcli  2.  'I'he  flow  curve  of  the  flood  over  Little  Falls 
dam  was  (luite  similar  to  that  at  Dundee  dam,  the  apex  of  the*  former 
occurring  a  few  liours  before  that  of  the  latter. 

In  regard  to  the  damage  done  by  the  flood,  the  most  general  esti- 
mates only  can  benmde,  but  in  Passaic  and  vi(*inity,  the  section  which 
probably  suffered  most  severely,  $1,()()0,00()  is  tliought  to  be  a  small 
approximation  of  the  \o»ae»  »u^Uv\v\^d. 
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1^  Patorsoii,  with  the  exception  of  the  city  of  Newark,  no  p^at 

Lmage  was  done,  thoagh  much  inconvenience  and  several  cases  of 

^ere  personal  loss  resulted. 

It  is  estimated  that  the  value  of  the  bridges  which  were  swept  away 

^  the  flood  (PI.   XV,   B)  in  various  portions  of  the  watershed 

Kiounts  to  not  less  than  $30(),(K)0,  in  addition  to  the  losses  note<l 

»ve. 

COMPARISON  WITH  PREVIOUS  FLOODS. 

It  will  bo  of  interest  to  compare  the  flood  of  1002  in  the  Passaic 
alley  with  tho8(^  of  other  years.  Previous  to  1002  the  greatest  flood 
I  the  Passaic  River  for  a  (jentury,  at  least,  occurred  in  Septemlwr, 
^2.  Mr.  C.  C.  Vermeule,  in  the  Report  of  the  Geological  Survey  of 
"ew  Jeraey,  Vol.  IV,  reports  concerning  this  flood  Jis  follows: 

The  fl(KKl  of  18H2  was  jirobably  the  highest  of  thiH  century,  oousoquently  more 
oocl  marks  are  jireserved  and  a  In^ter  recollection  i)ro vails  of  this  than  of  other 
oocIb.  By  iiKiniry  and  comparison  of  data  of  other  floods  which  I  have  obtained 
have  ])een  able  to  construct  a  fairly  accurate  history  of  this  flo<Ml.  The  waters 
^^n  to  rise  at  Dundee  and  Little  Falls  in  the  afternoon  of  the  22<1,  and  rose 
ti»dily  for  33  hours,  when  they  reached  16,041)  cubic  feet  \}or  scH'ond.  They  then 
sll  off  for  al>out  10  hours  to  13,000  cubic  feet  per  8c»cond,  and  then  rose  until  tlioy 
eached  a  maximum  66  hours  after  the  l)eginning  of  the  rise  of  18,265  cubic  feet 
er  second  at  Dimdee  and  10,100  cubic  feet  at  Little  Falls.  The  upi)er  branches 
ppear  to  have  discharged  their  flood  waters  into  the  c^tml  valley  within  72 
onrs,  and  to  have  subsided  within  their  hanks.  They  reached  their  maiimnm 
iflcharge  in  from  20  to  40  hours  after  the  beginning  c^  t^e  rise  on  the  Passaic, 
a  the  following  tables  the  maximmn  flows  are  obtained  from  well-defined  flood 
Uirks  at  dams.  The  total  discharge  is  estimated  to  be  3.18  inches  on  the  shed, 
J  already  dett^rmined. 

Below  ai*i^  appended  the  leading  faets  regarding  the  floo<l  of  1902, 
fid  also  regarding  previous  recorded  flcMxls,  which  will  serve  iVH  an 
iterc'sting  basis  of  comparison. 

Vifmparative  statemvntH  concerning  IhuuMic  floods,  metufured  at  Dundee  datn, 
[DrainaK(>  an^a,  822. 7  Hquarv  mik'H.J 


Dato  of  ti<KKl. 


Bbruary  2o  to  March  t),  1902 

?ptemlMT  25,  1S82  '' 

ecemlM^r  12,  1878^ 

ebruary  14,  188(5 '>. 

inuar>':J.  1888 '> 

inuary  21.  1891  '> . 
:archl4,  189:^''  .. 

:ay  0,  1H9;J''     

jptemlxjr  21,  1888  '' 


Dura- 
tioii  of 


JHiyn. 
'M2 

8 
8 
8 
8 


9 

8 
8 


iHiyn. 
5.  (M) 
2.  75 
2.  50 
2.50 
2.8() 
2. 50 
2.90 
a.  00 
2.  75 


Dura- 
tion of 
faU. 


Run-oflf: 

luirluiH  on 

drainage 

area. 


Sic.-fnt. 

"  24, 800 
18,2(55 
1ft, 592 
12, 452 
11,880 
11,701  I 
11,245  I 
11.155 
11,126 


I^tyn. 

''7.00 
5. 25 
5. 50 
5. 50 
5. 20 
5.  50 
(J.  10 
5.00 
5.25 


Inrfn'it. 

7.1 
a.  71 
a.  47 
:J.00 
2. 77 
2.56 
;J.  5(5 


fi  Estimated. 
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Poiti|»t«)n,  gAgin^  Ktntioma  at,  rli»wiii  nf   ,,        it 
P^iutiuu-  Ri ver  »U  flf» w  of  .._,,_,_., _        ^ 

Wntuut ne  Ri ^er »lt,  Jif * w csf^,,,-*,,,^  ^ 

liptnn  riiJrQarri\  hel^Lt  of  wiLtfiT  at. . . ,  3S 

bplon  Litkt\falk  At St 

n^Um  PUlnHt  Pomp  ton  River  ftt,  flow 

of r* 

Pompton  Rlror,  diuiimgo  utf^,  lemgtJi* 

f nil,  (w»d  grwdtent  of 11* 

1km  fit mS*B4,l»,f7,an 

dpltetJcat,    **^^  lUttifAll. 

ftU  !n  P*Mfti-^  Viili<*y  .,..„,. .  M^ 

^HfttEwpo  Hlir  ^r « coarw  und  elmT«ct#r  uf .     Ul-lll 
dniliu^  aro>ti,  lezi§flb,  falU  iiiicl  ((T»- 

dleniof _._,,        li 

HrHSd  tlow  of .,.^,^_^p,...»,_..*^,  ISSfii 

f!ow  of _- „_._,*,..,, ,,^ :n 

beilf  ht  of  wfcter  in ^*i.,  ,*...       Ifi 

ppiiHU*  tif .,-*,.— ..—„—.*„.       Hi 

lilngwiKKl,  ratnfallat. ^. .,___._    le«ft) 

Btr*^rvn U\  mliif nil  *t — ,,,„..,...  Jl?. asi 

Btii^'ltAwas'  EiTer,  PomrBe  and  rfmmetc* 

"f... ....      .  .  n 

clniLiukgc^  lituk^  leilgtiLft  liiUi  Knd  ink- 

dient  of  _..,*_ *.„.-.,.,.-       1$ 

hootl  fWw  of  . . . ....„.__.. —  ST^  41 

flow  of „__ * ar 

jneasuroiiueni  station  on,  trtetr  of  «...  ^ 

profile  of.... * ,...„,., 18 

Tim  of ,.„.,. *. ,....-«.  84 

Tlew  of.... .„„, 90 

Roseland,  rainfall  at .,,.. 88,39 

Rutherford,  Mgb-waU^r  mark  at.... . la 

Saddle  RItoFh,  eonrse  and  otukrai-ter  uf . , ,  15 
drainaitCi.'  iir?a„  km^ttht  fall.  i^Tid  frn^ 

dirmt^jf lU 


inbej:. 


^ 


Hftddk?  RiT(?r*  fSocid  flciwof, , 

prortlDi^f . ,-,_,,_.,,,,, 

Hborred.,  M,  R,^  «<''k]ii>wlMginv>nbi  to 
Sin&in\  irejlrtnonf'd  flut  tuLiidsat,  vi»*w 
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